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ABSTRACT 


IMs  Second  Quarterly  Progress  Report  covers  research  on  dl  b>^siinatlon 
of  solid  and  liquid  BW  agents.  Tlie  objective  toward  which  thie  research  is 
directed  is  the  development  of  weapon  syatema  for  the  dlaseninatloo  of  these 
agents  as  a  line  source  from  high  ^^ed  low-flying  manned  and  unmanned  air¬ 
craft. 

The  lesults  of  experiments  on  feeding  of  finely  divided  solid  materials 
with  helical*  screws  and  piston  devices  are  presented. 

Experiments  on  dlaseiolnation  and  deagglaaeratlon  are  described,  l^ese 
Include  prellnlnary  investigations  of  aerosol  generation  by  erosion  and  also 
with  a  liquid  carbon  dioxide  system.  Oeagglooeratlon  experiments  in  a  hi^- 
buhaonlc  wind  tunnel  are  described. 

Results  of  studies  of  the  characteristics  of  finely  divided  materials 
are  given.  These  studies  include  <a  literature  search,  theoretical  Investl- 
gallons  and  experiments. 

Aerodynamic  data  for  wing-mounted  external  stores  ere  presented.  The 
effects  of  the  external  geometry  and  the  pylon  design  on  the  incremental 
dreg  coefflclentB*are  discussed. 

I 

The  status  of  design  studies  on  a  research  prototype  of  a  liquid  agent 
disseminating  store  which  is  covered  in  e  separate  report  Is  briefly  outlined. 
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INTRODUCTION 


This  is  the  Second  Quarterly  Progreae  Report  on  the  progrom  of  reaearah 
on  aisEomination  of  solid  and  liquid  RW  agents  being  conducted  under  Contract 
No.  DA~i6-064  -CML-27^5«  The  research  woA  Is  directed  toward,  tlie  developnent 
of  external  airborne  dlssoainatlng  stores  for  use  on  lew  altitude  delivery  ve¬ 
hicles,  operating  in  the  speed  range  of  O.7O  to  O.9O  Mach  Humber. 

Since  both  solid  and  liquid  agents  are  considered  In  the  scope  of  this 
project,  the  subjects  discussed  In  this  report  cover  a  wide  range  of  technical 
fieldG.  In  presenting  the  progress  In  each  of  these  areas,  we  have  tried  to 
show  the  relatlonslilp  of  the  individual  areas  to  the  total  project. 

The  major  fields  of  study  during  this  quarter  include  feeding  and  liand> 
ling  of  finely  divided  dry  materials,  dissemination  and  dsagglooeratlon, 
chHrHcteristlcs  of  finely  di’/lded  solids,  and  aerodynamic  characteristics  of 
external  aircraft  stores. 

S 

The  progress  on  the  design  studies  on  a  research  prototype  of  a  liquid 
agent  dlEseminatlng  store  Is  very  briefly  auramarlsed.  TIjIs  part  of  the  wortt 
is  covered  in  detail  in  a  separate  report.^*^ 


1.1  North  American  Aviation,  Inc.,  Report  Ho.  HA-60-l403  Submitted  to 
General  Mills,  Inc.,  November  15,  i960  (3SCHET) 
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2.  EXmiOfiNTS  ON  FEEDING  Offit  PCNSENS 

2.1  ExperlmantB  with  Screw  Faedaw 

The  possibility  of  employing  screw  feeding  systems  in  the  design  of 

external  stores  for  dlssemlnetlon  of  solid  EH  dgents  was  discxused  in  our 

2  11 

first  progress  report.  ‘  Two  iUustratlve  conflguraticns  were  described^ 
one  employing  s  large  helical  screw  which  occupied  the  full  dlaaeter  and 
length  of  the  agent  storage  chasiber,  so  that  the  problem  of  feeding  material 

s 

to  the  screw  was  eliminated}  the  other  employing  a  small  screw  feeder  at  the 
bottom  of  the  agent  chamber,  with  a  system  of  rotating  rods  to  prevent  bridg¬ 
ing  of  the  material.  i 

The  experiments  which  are  described  herein  were  made  to  explore  the 
characteristics  of  the  first  conflguratlMi;  the  large  screw  which  receives 
no  additional  particulate  material  after  it  has  been  initially  filled.  Two 
potential  prohbems  mentioned  in  Keferenoe  2.1.1  were  fl)  the  posslblity  that 
the  particulate'  material  in  the  screw  might  rotate  with  the  screw  as  a  solid 
slug,  because  the  friction  at  the  wall  of  the  enclosing  cylinder  was  not 
great  enough  to  cause  relative  motion  between  the  agent  and  the  screw,  and 
(2)  the  possibility  that  a  small  clearance  between  the  screw  and  the  wall 
might  be  required  for  efficient  cqjeratlon,  and  that  this  restriction  on 
clearance  might  cause  serlouc  problesis  In  the  design  and  manufacture  of  a 
flexible  structure  of  this  type. 

2.1.1  General  Mills,  Inc.,  Neport  No.  2125  "Dissemination  of  Solid  and 
Liquid  ai  Agents"  (ifnclassifled  Title)  October  13,  i960,  (SECRET) 

P<  9 
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As  a  result  of  the  serlea^of  experiaents  described  below,  it  appears 

«  .  _  _ 

that  neither  of  these  potential  problems  are  serious.  The  particulate  aoter- 

ial  did  not  rotate  as  a  solid  slug  in  any  of  the  cases  investigated.  Bxperi- 

,  » 

ments  with  ralatively  small  and  large  cleaimncoa  showed  that  there  was  no 

serious  effect  of  the  large  clearance. 

2.1,1  Description  Of  Apperatus 

The  screw  feeding  apparatus  used  in  these  experiments  is  shown  in  Fig¬ 
ure  2.1.1.  Two  screw  configurations  were  used.  The  first  was  a  helical  screw 
with  a  solid  center  section,  and  the  second  was  a  helical  "ribbon  type"  screw 
with  an  open  center  section,  fioth  of  these  screws  were  44  nm  In  diameter  and 
230  mra  long  with  a  pitch  of  ?1  am.  The  diameter  of  the  solid  central  shaft 
of  the  first  screw  wad  22  m,  and  the  width  of  the  ribbon  on  the  screw  with 
the  open  center  section  was  11  an. 

The  cleaWce  between  the  screw  and  the  inner  surface  of  the  cyllndrl- 

« 

cal  Incite  enclosure  was  3*^  sn.  A  special  glass  sleeve  was  also  made  which 
had  an  internal  diameter  of  46  am,  leaving  only  1  mm  clearance  arouiul  the 
screw  when  it  wss  inserted  into  the  Incite  cylinder.  This  arrangement  made 
it  possible  to  Investigate  the  effects  of  a  substantial  change  in  clearance 
with  a  minimum  of  alteration  of  the  apparatus. 

The  discharge  end  of  the  apparatus  was  open  except  for  a  narrow  spider 
to  support  the  end  bearing.  The  diameter  of  this  opening  was  equal  to  the 
internal  diameter  of  the  lucite  cylinder.  The  feeding  hopper  which  is  shown 
in  Figure  2.1.1  was  only  used  during  the  procesa  of  initially  filling  the 
fcrev.  The  experiaents  were  all  started  with  particulate  material  only  in 
the  cylindrical  pert  of  the  apparatus,  and  no  material  was  added. 
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2.1.2  Oemral  Prtteedur* 

In  this  aeries  of  experiaents  the  cylindrlesl  section  of  the  ei^aaatua 
was  filled  vith  a  oeosured  nass  of  the  selected  particulate  material.  This 
Vtto  done  by  temporarily  sealing  off  the  discharge  end  and  rotating  the  sciw 
by  tiand.  A  snail  electric  vibrator  vas  held  in  contact  with  the  center 
shaft  to  improve  the  distribution  in  the  screv. 

After  the  discharge  had  been  opened,  the  procedure  was' to  collect  and 

a 

vftlgh  the  quantity  of  material  discharged  for  a  lecorded  angular  rotation  of 
the  shaft.  A  knife  blade  wns  used  to  remove  material  protruding  beyond  the 
vei^lcal  plane  of  the  discharge  opening. 

The  early  experiments  vere  made  by  weighing  the  material  discharged 
after  every  revolution,  and  the  resulting  data  showed' a  nearly  linear  decline 
In  qdah*Ity  discharged  per  revolution  as  a  function  of  the  total  revolutlaia 
from  tlie  start.  However,  fuKher  measurenents  of  the  discharge  per  half  rs> 
volution  revealed  a  considerable  variation  in  discharge  rate  between  these 
smaller  rotational  increments.  The  technlq^ie  of  measuring  dlschargs  every 
half  revolution  was  therefore  used  throughout  the  series  of  experiments. 

■  2.1.3,  Experiments  with  SM  Simulant 

A  series  of  experiments  on  the  feeding  charscterictlcs  of  the  above 
deocrlbsd  screw  configurations  were  mode  using  SM  simulant.  These  measure¬ 
ments  were  made  with  the  feeding  apparatus  In  a  controlJed  humidity  chamber. 
The  effect  of  humidity  on  the  characteristics  of  the  helical  screw  with  the 
solid  center  section  vas  evaluated  at  relative  humidity  values  of  5,  1^  and 
?0  percent.  The  SM  was  placed  in  an  open  flat  container  in  the  controlled 
humidity  chamber  approximately  l6  hours  'before  each  experiment  was  etart'ed. 
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The  naterlal  discharge  luta  (ga/l/S  revolution)  vaa  oeaswred  aa  a  func¬ 
tion  of  t^«  total  revolutiona  from  the  atartlng  poaition.  Each  case  *ras 
repeated  three  times,  to  explore  the  reproduclhility  of  the  proceee. 

The  rsAults  of  these  experiments  are  suaearlsed  In  Figures  2.1.2,  2.1.3 
and  S.l.h.  Pertinent  information  on  the  conditions  of  the  teet  are  given  on 
each  graph.  All  of  these  tests  were  cor^ducted  %flth  seoplea  of ’  SM  taken  from 
the  lot  designated  as  GBL-A-3lH655^,  which  Is  the  number  of  the  Government 
Bill  of  Lading  identifying  the  shipments  received  from  Fort  Detrlck.  The  par¬ 
ticle  else  analyses  performed  on  these  aenpl'es  are  discussed  in  Section  , 
of  this  report. 

I 

The  expcrlntents  covered  by  Figuime  2.1.2  through  2.1.^  were  made  with 
the  class  aleeve  (described  In  Section  2.1.1)  in  place,  eo  that  the  clearance 
between  the  screw  and  the  snclosyre  was  1.0  na. 

Examination  of  Figure  2,1.2  shows  that  (at  50)1  RH)  the  discharge  imte 
decreases  as  a  function  of  the  total  revolutlcns  from  start,  and  approached 
zero  at  about  10  revolutions'.  In  these  experiments,  approximately  95  percent 
of  the  material  griginally  loaded  Into  the  screw  was  discharged.  The  fact 
that  this  high  percentage  of  the  original  material  was  reliably  dlocharged 
by  turning  the  screw  through  ten  revolutions  suggests  that  this  feeding  tech¬ 
nique  deserves  consideration. 

In  order  to  provide  a  constant  feed  rate  versus  time,  the  rotational 
speed  of  the  screw  could  be  progransned  to  compensate  for  the  natural  charac¬ 
teristic.  The  high  rate  of  discharge  in  the  first  half-revolution  Is  a  re¬ 
sult  of  the  geometry  of  the  end  of  the  screw.  It  appears  that  this  could  he 
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Atniosphei'ic  I'elaiive  Hunidity,  >0 
C-re«  Configuration;  helical.  Closed 

Center 

D.aaeter,  nn;  44 
Pitch,  mn:  51 
length,  ma:  230 

laterlal:  31,  Smaple  GBL-A-3416554 
foD,  MlcTfHts:  4.9 
SSO:  1.89 

Run  1  Sun  2  Run  3 

C.>.;antXy  of  Material 

Loaded  in  Screw,  bh  04.4  96.8  97*5 

•  Run  C%  Run  #2  o  Sun 


Total  Revolutiona  FroD  Starting  Poaltion 

Figure  2.1.2  Delivery  Clwcac  . — ..sties  of  Closed-Center  Helical  Screw, 
Filled  with  Si  at  50^  Ataospheric  Belatl-ve  Kunldity 
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Atmospheric  Belstlve  Bjnldity,  3 
Screw  Cogoflguratlon:  Helical,  Closed 

Center 

Diameter,  m: 

Pitch,  m:  51 
length,  bb:  230 
Cleaience,  mm:  1.0 
Itatenal;  ac  GBL>A-3fil655A 
MS),  Microns:  4-9 
GSD:  1.69 

Run  1  Bun  2  Run 

(tLiantity  of  Material 

Loaded  in  Screw,  gm  IO3.O  102. ^  101. 
e  Run  #1  e  Run  #2  ^  Run  #3  .  . 


aog  Foeitlon 

jed-Center  Helical  Screw, 
:  Belatiwe  Humidity 
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modified  if  a  more  nearly  linear  charaoteristlc  was  desired.  The  graph  shows 
conoidorable  fluctuation  In  the  feed  rate,  particularly  towards  the  end  of 
the  process.  If  this  device  were  wsployed  in  a  ilsaenlnatlng  store,  it 
appears  that  t^e  final  metering  and  deagglooeration  ccoipeurtaHnt  would  have 
to  he  capable  q£  smooth ng  out  this  surging  tendency. 

Figure  2.1.3  shows  the  perfoinanee  of  this  device  when  the  relative  hu¬ 
midity  in  the  chamber  was  reduced  to  15^.  The  results  are  very  similar,  with 
the  exception  that  small  quantities  of  material  were  being  delivered  after 
12  revolutions  in  contrast  to  the  process  In  Figure  2.1.2  which  was  complete 
in  10  revolutions,  m  the  experiatnta  of  Figure  2.1.3,  approjclmately  94  per¬ 
cent  of  the  original  material  was  discharged. 

Figure  2.1.4  gives  similar  infomatlon  for  experiments  conducted  at  9 
percent  relative  humidity.  Father  important  changes  were  observed  in  this 
case.  The  material  appeared  to  be  highly  charged,  and  adhered  to  the  metal 
rotor.  The  total  quantity  of  material  discharged  varied  considerably.  The 
percentage  of  the  material  which  was  discharged  in  Funs  1,  2  and  3,  were 
respectively,  79>  94  and  91  percent.  These  numbers  are  lever  than  the  prs- 
vlously  described  cases,  due  to  residual  material  adhering  to  the  screw.  It 
should  be  mentioned,  however,  that  a  substantial  fraction  of  the  reaiduail 
material  was  located  on  the  rather  large  center  shaft.  This  effect  might  be 
Insignificant  for  a  ribbon- type  screw. 

The  characterlstlea  of  the  ribbon-type  screw  with  an  open  center  sec¬ 
tion  are  shown  in  Figure  2.1.$.  The  results  are  quite  similar  to  those 
discussed  previously.  However,  it  should  be  noted  that  the  numeAcal  values 
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Ataoapherie  Belative  15 

Screw  Configuration:  Helical,  open  center 

Plane  ter,  mn:  ^ 

Pitch,  EBB :  51 

bob:  230 

Clearance,  nm:  I.O 

Material:  SM,  Sample  CBI.-A-3^l655^ 
too.  Microns:  4.9 

GSD:  1.89 

Run  1  Run  2 

1 

Run  3 

Quantity  of  Material 

Loaded  in  Screw,  ga  I27.O  126.4 

121.9 

•  Run  ^1  A  Run  0  Run  ^^3 

» 

of  the  discharge  rate  are  substantially  higher  than  for  the  solid-center  screw, 
reflecting  the  increase  (about  255t)  in  total  capacity  for  particulate  Material. 
The  perforroance  was  better  in  every  rospaet,  and  95  to  99  percent  of  the  ma¬ 
terial  was  discharged  in  13  to  13-5  revolutions. 

2.1.4  Experiments  with  Talc 

Several  measurements  of  the  perfoiroanoe  of  these  screw  feeders  were 

0 

made  with  Sierra  Mistron  talc.  The  results  are  very  similar  to  re¬ 
sults  presented  above  for  SM,  and  are  therefore  not  shown  in  detail. 

In  these  experiments  with  talc,  we  also  investigated  the  effect  of 
»  additional  clearance  around  the  screw.  With  the  glass  sleeve  removed  from 
the  apparatus,  the  clearance  was  increased  to  3.5  nmt.  The  main  effect  of 
this  change  was  to  increase  the  residual  material.  The  friction  between  the 
particles  and  the  wall  was  sufficient  to  stop  the  material  in  the  lower  parts 
of  the  clearance  space  from  being  advanced  by  the  screw.  This  configuration 
delivered  approximately  80  percent  of  the  material  originally  placed  In  the 
apparatus.  This  reduction  in  delivery  is  rather  subctantlal,  but  should  be 
considered  in  light  of  the  fact  that  the  clearance  was  l6  percent  of  the 
radius  of  the  screw.  It  does  not  appear  that  there  would  be  any  incentive 
to  design  a  feeding  system  with  a  clsarance  of  this  magnlti^de. 

2.1.5  Sunmary 

These  experiments  with  the  ribbon-type  and  closed-center  screw  configu¬ 
rations  shew  that,  for  the  rather  limited  cases  investigated,  the  device 
reliably  delivers  a  high  percentage  of  its  contained  particulate  material. 


12  - 


DECLASSIFIED  IN  FULL 

Authority;  E0 13526 

Chief,  Records  &  Declass  DIv,  WHS 

MAY  17  20B 


This  vae  accomplished  in  10  to  13*5  ravolutions  from  the  starting  poaitlw. 

IIo  tendency  -to  lock  or  bind  vas  observed. 

1 

When  the  device  vfas  fillpd.wlth  SM  which  had  been  stored  in  a  ccmtrolled 
atmosphere  at  relative  humidity  for  l6  hours,  some  effects  of  electrostatic 
charging  were  noted.  In  this  case  some  material  adhered  to  the  siurfaces  of 
the  screw. 

The  delivery  of  the  device  fJ.uctuates  scnevhat  within  each  revolution, 
so  that  it  appears  same  "smoothing"  would  be  required  In  a  final  metering 
section  of  a  dlasemlnator  using  this  principle.  It  has  been  noted  that  when 
the  average  discharge  per  revolution  is  plotted,  a  relatively  smooth  curve 
is  obtained. 

I 

If  a  device  of  this  type  was  required  to  provide  a  nearly  cdnstant 
dellvery-versus  tine,  speed  prograoalng  would  be  required. 

» 

» 
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2-2  Experiment  on  Piston  Feeding 

To  further  explore  the  feaelMllty  of  using  a  simple  piston  as  a  feed¬ 
ing  device  in  a  BW  disseminating  store,  a  series  of  lahorstory  neasurenents 
on  the  forces  In  such  systems  have  been  initiated.  During  the  reporting  per¬ 
iod  one  such  experiment  was  made  which  detenalned  the  force  required  to 
translate  a  piston  in  a  horizontal  cylinder,  thereby  discharging  the  con¬ 
tained  particulate  material. 

A  description  of  the  apparatus  for  this  experiment  appears  in  our  last 
progress  report. It  consisted  of  a  piston  in  the  fora  of  a  thin  Teflon 
disc,  38  mo  in  diametea  and  a  lucite  cylinder.  The  force  was  applied  with  a 
ccmpi’ccaion  type  spring  scale  which  hod  been  carefully  calibrated.  The  appa¬ 
ratus  was  filled  with  Sierra  Mlstron  No.  l8  talc,  the  characteristics  of 
which  are  given  in  Section  of  this  raport.  The  atmospheric  relative  hu¬ 
midity  during  the  experiment  was  20  percent.  The  results  presented  In 
Figure  2.2.1  give  the  pialon  force  and  the  mass  of  material  delivered  as  a 
function  of  the  linear  displacement  of  the  piston. 


It  can  be  seen  from  Figure  2.2.1  that  the  required  force  was  constant 

over  approximately  one-half  of  the  distance  and  then  diminished,  indicating 

■ 

reduced  friction  between  the^cylinder  wall  and  the  remaining  particulate 
material.  The  magnitude  of  thd  maximua  force  was  approximately  6  x  10?  dyiMs, 
which  corresponds  to  a  very  small  preeeure.  Note  that  the  length-to-dla«eter 
ratio’of  tills  device  is  approximately  k.7  which  Is  comparable  to  a  realistic 


maximum  for  a  cylindrical  section  In  an  actual  store. 

2.2.1  General  Mills,  Inc,  Report  No.  2125,  ''Dissemination  of  Solid  and 
Liquid  EM  Agents"  (Unclassified  Title)  October  13,  1960,  SECRET, 
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Clwi-icterisi-ics  o?  Piston  Peeding  IJev?. 
Filled  with  Sierra  KlstrcKi  No.  13  Tal.. 


'  re.'ia  7«r  u':^t  diaplaeoiBnt  xmklned  essentially 


■jc  rasge  et’rJJm;,  indicating  that  the  oon^resBive  stress 
the  Mstoa  lid  .  *>',  affect  the  hulk  daxislty  in  a  non-unlfoin  Banner. 
Thi-:  simple  ^Yperiaient  gave  results  which,  by  thesiselvea,  would  att- 
t  one  to  thir-  f^^eding  systen.  However,  variables  such  as  scale  factor  and 

e 

:;cw(]ar  chcm'ierl sties  must  be  explored  befora  adequate  data  are  available. 
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3.  PTaffltMTU&TTOS  Ain>  QSAQGLQHEBATICH  SXRRlMKiTS 
3.1 

It  }\as  been  observed  many  tines  that  a  liquid  or  gas  stream  impinging 
oji^  or  flowing  overj  the  surface  of  a  packed  bed  of  finely  divided  material 
will  carry  with  It  some  of  the  material  which  is  removed  by  eroqlon.  Since 
the  delivery  vehiclea  considered  in  this  Btf  diaaenination.  study  will  operate 
at  velocities  approaching  sonic  speed,  the  possibility  of  employing  hl£^  ve¬ 
locity  air  streams  to  dlca&alnate  the  solid  W  agents  by  erosion  deserves 
conaldh ration. 

A  preliialim.y  exp^ilsiaiital  evaluation  of  this  technique  hM  been  made, 
In  which  the  erosion  rates  were  determined  for  models  fonsed  by  cciqpaeting 
samples  of  finely  gro’md  flour  and  talc.  The  general  conclusion  from  these 
experiments  was  tiunt  high  velocity  air  streams  will  erode  such  materials  at 
significantly  high  rates,  but  that  the  process  Is  strongly  dependent  on  the 
configuration  oxid  the  packing  procedure,  as  will  be  discussed  in  some  detail 
in  the  following. 

3 till  Initial  Experiment 

An  Initial  erosion  experiment  was  made  with  a  model  fozised  by  compact- 

» 

Ing  flour  In  a  tube,  with  a  metal  Insert  in  the  center  to  fom  a  chanziel  for 
air  flow.  This  model  is  Sketched  below. 


Investigations  of  Sroalon  as  a  Method  of  Dissemination  of  Finely  Divided 
Materials. 
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The  model  waq  attached  to  a  syattta  which  pemaltted  raetwrlng  of  the  rate 
of  air  flow  from  the  uenpressed  air  cylinder,  through  the  erosion  model,  as 
sketched  below. 


Erosion  Model 


Manual  Valve 
Fressuie  Gage 


Connection  to 
Conpreased  Air  Cylinder 


yz^m!^272r 

^aaoBiJzzax, 


Flat  Plate  Orifice 


loneter 


The  model  waa  formed  by  compacting  floxir  in  the  cylinder  with  a  prea- 
aure  of  I.5  atmospheres.  The  avei-age  mass  flow  rate  of  the  flour  was  deter¬ 
mined  by  weigiii.ng  the  model  at  time  intervals  of  approximately  10  seconds. 

The  air  velocity  through  the  system  was  maintained  at  sonic  velocity  through¬ 
out  each  erosion  period. 

The  results  of  this  initial  experiment  are  shown  In  Figure  ‘ 

During  the  first  30  seconds  the  discharge  of  flour  was  Intemittent.  Then, 
continuous  disscmiiuitlon  waa  observed.  The  appearance  of  the  model  after 
103  seconds  of  exposure  was  as  sketched  below. 


Direction  of 
Air  Flow 
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During  the  next  lO  aeconds,  the  form  of  the  inlet  vae  broJcen  dovn  and  the  maea 
flow  rate  of  air  increaoed  sharply.  This  increased  air  flow  caused  very  hlgJi 
erosion,  and  after  115  seconds  the  model  was  as  Illustrated  heiow. 


Clrection  of  ^ 

Air  Flow  ^ 

In  an.  attempt  to  eliminate  this  sudden  increase  in  flow  caused  by  the 
Inlet  breaking  down,  the  subsequent  experiments,  which  were  conducted  with 
Sierra  Mlstron  No.  iB  talc,  were  conducted  using  a  steel  inlet  section  in 
tile  model,  as  disoussed  in  Section  3.1.2. 

3.1.2  Erosion  Experiments  With  Talc 

The  model  of  revised  design  Is  illustrated  below: 


myymy///A 


Air  Flow 

'Conpacted  Tale 
I  Aluatnum  Inlet  Section 

(t.75  tm  I.D.) 

Two  experiments  were  made  with  this  configuration.  The  talc  was  eompaoted 
under  a  pressure  of  I.5  atmospheres.  The  air  pressure  upstream  of  the  model 
waa  maintained  constant  at.  l.k  atmospherea  absolute,  with  a  mss  flow  rate 
(air)  of  6  ^a/sec. 

I 

Figure  3.1.2  shows  typical  photographs  of  the  aerosol  streams  produced 
In  these  experiments, 
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Hie  resulta  tor  the  flret  experiaent  with  talc  aiw  given  la  Figure  3.I.3. 
It  can  be  seen  that  the  aerosol  was  discharged  continuoualy,  but  with  consi¬ 
derable  variation  in  mass  flow  rate.  15ie  appearance  of  this  model,  as  a  func¬ 
tion  of  time  la  lilustratod  in  the  sketches  below. 


Elapsed  TIm 


10  Sec. 


IT  Sec. 


25  See. 


35  Sec. 


The  peak  in  Figure  3.1*3  at  about  22  seconds  is  believed  to  be  associa¬ 
ted  with  the*  fact  that  the  cavity  reached  the  wall  and  the  entire  front 

* 

section  was  diRcharaed  in  a  r.hort  period. 
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Figure  3-1 -3  Awrags  Mass  Flow  Bate  Versus  Tine 

for  Erosion  Type  Aerosol  Generator  (Model  2) 


IThe  reaulta  of  the  aecon4  experloeat  vitb  talc  are  given  In  Figure  3«1>4« 
All  measured  conditions  for  this  last  were  eq,ual  to  those  of  the  first  experi¬ 
ment.  (Figure  3 >1*3^  appearance  of.  t}»  mcxlel  as  a  function  of  time  is 

•  I 

Illustrated  In  the  sketches  below. 

Slapsed  Tlae  «  3  Sec. 


« 


23  See. 


35  Sec. 
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In  this  case,  the  rise  in  erosion  rate  near  the  25  Bec(»id  aarii  vae  not 

a 

U3  pronounced  as  in  the  first  case.  The  variation  between  Figure  3*1*3 
3.1,4  illustrates  the  fact  that,  with  the  techniques  employed,  this  process 
is  not  a  closely  controllable  one. 

It  la  interesting  to  Jiote  that  the  most  pronounced  variations  In  pcwder 
flow  rate  occ»ir  while  the  volume  Just  downstream  of  the  inlet  orifice  is  be¬ 
ing  cleaned  out.  After  the  cylindrical  cavity  Is  fonned  and  the  primary 
effect  of  further  erosion  is  to  increase  the  length  of  this  cavity,  the  pro¬ 
cess  Is  much  more  predictable . 

Althou^  these  erosion  experiments  were  quite  rudimentary,  th«y  indicate 
that  the  erosion  process  is  quite  sensitive  to  geometrical  configuration.  It 
appears  that  a  dissemination  system  of  this  type  would  be  restricted  to  spe¬ 
cific  preparation  procedures,  and  probably  does  not  offer  the  flexibility 
deaired  In  the  solid  agent'diseenlnatlon  system  under  study. 


-  25  - 


ueuLASSIFIED  IN  FULL 

Authority;  E0 13526 

Chief,  Records  &  Declass  Div,  WH 

Date:  may  17  200 


r 


— I  C'6 


ooqoq  qoq  o 

oi  N  v>  u>  JT  (»>  evi  --i 


3ftt/it0  (ot«£)  Mli  >«fN  «8lMaAV 


Page  determined  to  be  Unclassified 
-  86  -  Reviewed  Chief,  ROD,  WHS 

lAW  EQ  13S3it  Seetien  3.6 

HAY  17  20B 


Figure  3.1.iA  Average  Mass  Flow  Rata  Versus  Tlw 

for  Eroelaa  Hype  Aerosol  Generator  (Model  Ro.  3) 


3-2  Experiments  on  the  Use  of  Carton  Oloxlfle  to  DlapTae  Flne^jr  Dlvlclea 

Solids 

Prellmimxy  experiments  have  been  conducted  to  explore  the  possibili> 
ty  of  using  liquid  carbon  dioxide  as  a  carrier  for  solid  agents.  Carbon 
dioxide  is  generally  considered  to  be  compatible  vith  viable  agents  (in  the 
absence  of  water)  and  could  also  supply  the  energy  regulred  for  feeding  the 
material . 

In  these  experiments  aamplas  of  finely  ground  flour  (7-9  ailerons  Mfl>) 
were  placed  in  carbon  dioxide  cylinders  before  adding  the  llqiuld.  The  ob¬ 
jective  was  to  explore  the  range  of  solids  concentration  which  could  be 
satisfactorily  discharged  from  the  cylinder. 

Tlie  cylinders  used  in  this  woiic  had  a  ncminal  liquid  capacity  of  3 
pounds,  and  were  fitted  with  an  internal  standpipe  so  that  the  liquid  fa 
discharged  by  the  vapor  pressure  of  the  gas  in  the  top  of  the  cylinder. 

A  range  of  solids  concentrations  from  1/20  to  1/2  (sollds/llquid  mass) 
were  explored.  It  was  found  that  the  highest  concentration  for  which  es¬ 
sentially  all  of  the  flour  was  removed  (when  the  tank  was  discharged)  was 
1  part  aollas  In  4  parts  liquid^by  weight. 

Microscopic  inspection  of  asosplea  collected  on  slldee  by  Impaction 
indicated  that  this  process  also  daagglcmerated  the  material  quite  well. 

The  additional  deagglone rating  forces  available  in  the  slipetreaa  of  a  high 
speed  delivery  vehicle  would  also  be  available  to  improve  this  process. 

The  potential  advantage  of  a  system  of  this  type  are  (l)  no  external 
power  is  required  for  feeding  the  material,  (2)  the  carbon  dioxide  may  as¬ 
sist  in  the  dcaggloneration  process,  and  (3)  the  system  appears  to  be  simple. 
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However,  there  are  acne  veiy  large  weight  peoaltiea  aaeociatad  with  the 
presence  of  the  large  quantity  of  Inert  liquid  and  the  ^eq^ireaBnt  for  a 

k  , 

pressure  vessel  capable  of  withstanding  the  vapor  pressure  of  60  or  70  atmos¬ 
pheres. 

Further  work  on  this  concept  has  not  bean  conducted  due  to  these  prob¬ 
lems  . 
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3.3  High  Velocity  Sampling  Proba  Tests 

In  conMction  with  the  experiments  on  deagglomeratlon  by  slipstreain 

energy,  a  high  velocity  aerosol  sampling  probe  has  been  designed  and  fabrl> 

3  3  1 

cated,  as  previously  reported.  This  probe  Is  designed  to  provide 

isokinetic  sampling  in  the  test  section  of  the  hl^  aubaonlo  blow-dovn 
wind  tunnel  and  to  decelerate  the  aerosol  to  a  low  velocity  coe^tlble 
with  conventional  sampling  techniques  such  as  membrane  filters,  inpactors 
and  Implngers . 

Bef^  using  this  probe  in  the  deaggioneration  experiments,  it  was 
dasirable  to  study  its  aerodynamic  characteristics.  Therefore,  perfonsance 
tests  were  conducted  in  a  22  x  22  inch  subsonic  wind  tunnel,  located  at  the 
I'luldyne  Engineering  Coloration,  Minneapolis. 

Four  static  pressure  taps  (open  to  the  inside  of  the  probe)  were  in¬ 
stalled  along  the  length  of  the  probe  at  the  following  dietanccs  from  the 
inlet t 

No,  1  -  1  inch 
No.  2  •  4  inches 
No.  3  -  10  Inches 

t 

No.  4  •  l8  Inches 

These  pressure  measurements  together  with  the  wind  tunnel  stagnation  and 

static  pressure  measurmnents  provided  the  necessary  data  for  calculations 

of  the,  recovery  preesure  ratio  and  the  diffuser  efficiency. 

3-3. 1  General  Mills  Report  No.  2125,  "Disaemlnatloa  of  Solid  and  Liquid 
W  Agents’’  (Unclaasified  Title)  October  13,  I960,  SECHET,  p.  27. 
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By  using  a  vane-type  vacuum  pump  dovnetream  frcei  the  prohe,  the  mass 

*  e 

flow  rates  were  controlled  above  and  below  Isokinetic  inlet  conditions  at 
free  stream  Mach  numbers  0.^,  Q<6,  0.7>  and  0.8.  The  pun^  flow  rate  was 
calibrated  against  the  inlet  stagnation  pressure  in  such  a  way  that  a  pr»> 

ft 

determined  mass  flow  rate  was  obtained  by  setting  a  throttling  valve  upotreom 
from  the  pump. 

For  the  present  application,  it  is  intended  that  the  probe  will  be 
mounted  with  zero  angle  of  attack.  However,  to  get  a  more  ccnplete  under¬ 
standing  of  its  characterlatlca,  it  was  felt  necessary  that  an  investiga- 

* 

tion  of  the  effect  of  variable  angle  of  attack  be  made  at  one  Maeh  number. 

An  angle  of  5*  at  Mach  number  0.5  was  chosen  for  this  purpose. 

Flsr-ire  3>3*1  shows  the  dlffueer  pressure  ratio,  p/pQ  ,  plotted  against 

the  mass  .flow  rate  ratio  w/w*  defined  as  follows: 

p  «  static  presslre  at  the  different  locations  in  the  diffuser 

Pg  m  stagnation  preseure  of  the  tunnel  free  stream 

w  ••  maas  flow  rate  in  the  diffuser 

w*  ■  maxlnun  mass  flow  rate  in  diffuser  (l.e.,  choked  throat 
condition  -  0.945  Ib/mln) 

Since  the  data'  at  Station  3  were  nearly  identical  with  those  at  Station  h, 
they  were  emitted. 

Due  to  a  choked  flow  condition  at  w/w*  ■  1,  the  curves  drop  sharply 
at  this  point. 

At  Station  4,  the  velocity  is  on  the  order  of  10  feet/sec  and  the 

to 

static  and  stagnation  pressures  are  essentially  identical.  Thus,  tha  curve 
through  these  data  points  represents  the  stagnation  pressure  reeovezy  and 


s 
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Pressure  Ratio,  p/po_,  diaensioiaess 


0.^ 


Figure  3-3"i  Pressure  Ratio  Versus  Mass  Plov  Ratio 
for  Righ  Velocity  Sampling  Probe 
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providflo  a  good  indication  of  tha  presaim  loasea  due  to  separation  end 
skin  friction,  the  curve  shovs  that  the  recovery  pressure  data  are  in  good 
agreonent  for  constant  mass  flov’ rates >  with  the  exception  of  tlw  data  at 
Mach  nuahers  O.j  and  0.j3  with  angles  of  attack  of  3*  and  0*  respectively, 
this  seems  to  indicate  that  there  was  no  severe  separation  at  the  inlet 
for  these  runs  even  though  the  flew  rates  were  above  and  belcnr  the  isokin¬ 
etic  inlet  conditions.  The  vary  slight  downward  deviation  of  thoea  values 
mentioned  nay  be  caused  by  Inlet  losses.  However,  they. are  snail  and  it 
is  believed  that  they  will  not  be  datrlnsntal  to  the  sampler  operation. 
Since  the  pressure  losses  are  the  sane  for  various  stream  MSch  numbers  at 
constant  mass  flow  rates,  it  is  felt  that  the  loss  is  primarily  due  to 
skin  friction. 

The  diffuser  isentrople  efficiency  is  shown  as  a  function  of  the  mass 

% 

flow  rate  parameter  in  Flgiue  3.3.2.  The  tera  is  ccnmonly  used  and  is  de¬ 
fined  as  follows: 


(hit  ’  h^)i 
h4  -  ht 


where  h  ■  static  enthalpy 
subscripts  1 

1  ■  Isentrople  case 
^  ■  diffuser  station  number 


t  ■  tunnel  stream 

( 

It  is  possible  to  rewrite  the  equation  in  a  more  usable  form  by  juing  well 
known  thexmodynaolc  relationships  between  energy,  temperature  and  pressure. 
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Figure  3 <3 *2  Diffuser  Efflclenoy  Versus  Maac  FJ.ov  Ratio 
for  Illgii  Velocity  Sampling  Probe 
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Thi^, 


(pif/pt) 


(r-D/r 


-1 


vhore  p  =  static  presaurv 

Y  m  ratio  of  specific  heat  values 


-  tunnel  Mach  nvnsbhr 


At  isokinetic  Inlet  conditions  for  all  the  fzee  streoa  Mach  maihers 
tested,  the  efficiency  te  nearly  the  sane,  approxiaately  77  percent.  Ac¬ 
cording  to  A.  H.  Shaplro^'^'^  efficiencies  of  75  percent  are  most  connon 
in  wind  tunnal  diffuser  applications  which  are  comparable  to  the  semplisg 
probe. 


•nie  testa  at  Haoh  nianber  0.5  at  5"  angle  of  attack  produced  Intextest- 
Ing  results.  At  w/w*  -  0.664,  substantially  below  the  isokinetic  condition, 
the  efficiency  appnrtntfy  is  not  affected  by  the  angle  of  attack.  However, 
a  rather  sharp  decrease  appears  to  take  place  at  a  sonewbat  higher  aass 
flow  rate,  indicating  the  alight  effects  of  undesirable  inlet  conditions. 

Prom  Figures  3. 3.1  and  3.3-2,  it  appears  that  the  diffuser  can  be 

s 

operated  satisfactorily  at  stream  Mach  nuinbe«  up  to  O.85.  Also,  an  accu¬ 
rately  calibrated  vacuum  pump  is  necessary  for  successful  sampling. 


3 '3*2  Shapiit)|  A.  K,  The  Dynamics  and  rheiniodynanics  of  Catpresslble 
Fluid  Flow,  the  Ronald  Press  Co.,  New,  York,  1:  152,  (1953), 
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3.^  Deagglomeratton  15;c7>erlBents 

Preliminary  deagglomeration  experiments  have  been  mde,  utilizing  the 
hlgis  subsonic  blow-down  wind  tunnel  described  in  our  previous  technical 
report.  3 

3.4.1  Apparatus 

In  these  experiments  a  piston-type  feeding  device  waa  used  to  dis¬ 
charge  the  sample  of  finely  divided  material  into  the  test  section  of  the 
wind  tunnel.  Figure  3*4.1  shows  a  cross-aectlon  of  this  device.  The  pow¬ 
der  chamber  Is  0.80  cm  In  diameter  and  2.3  cm  in  lengthy  with  a  volume  of 
1.20  cm3,  Operation  of  the  release  handle  opens  the  slider  valve  and  re¬ 
leases  the  compressed  driving  spring  to  permit  discharge  of  the  powder 
sample.  The  piston  travels  xuitll  its  lower  surface  is  flush  with  the  In- 

I 

side  surface  of  the  wind  tunnel  wall.  The  actuating  spring  is  Inter¬ 
changeable  to  permit  'variation  of  the  discharge  rate . 

The  feeding  device  Is  mounted  on  top  of  the  wind  tunnel,  12.4  cm 
downstream  from  the  Inlet  nozzle,  as  shown  in  Figure  3.4.2, 

3 .4.2  Prslliolnaiy  Experiments 

The  preliminary  experiments  discussed  herein  were  iwrfoziasd  before 
the  high  velocity  sampl'lng  probe  discussed  In  Section  3.3  waa  ready  for 
use.  The  aerosol  cloud  from  the  wind  tunnel  was  discharged  directly  into 
the  laboratory.  Glass  microscope  slides  ware  mounted  on  a  panel  perpendi¬ 
cular  to  the  high  velocity  Jet,  2.4  meters  downstream  of  the  tunnel  exit. 

.  ' 

Samples  were  collected  on  |h85e  microscope  slides  by  impaction.  Tills  pro¬ 
cedure  creates  a  bias  toward' the  larger  portlclas,  due  to  the  tendency  for 

3,4.1  General  Mills  Report  No.  2125,  '’Disp-mlnatlon  of  Solid  and  Liquid  iW 
Agsnts"  (Tfaclasslfled  Title)  October  13,  i960,  aiCRBT,  p.  21. 
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tho  aciftllar  partlalas  to  follow  the  stroafflllnes.  TherefOx«»  the  experlttente 
gave  only  an  indication  of  the  size  of  the  larger  aggloeierates  which  were 
present  in  the  aerosol  atzeaia> 

,  Saaplea  of  talc  and  finely  ground  flour  were  dlaaoninated  in  these 
experiments.  The  tunnel  Mach  number  was  0.60  for  the  talc  and  0.60  and 
0.8o  for  the  flour. 

The  mechanical  operation  of  the  dissealnatlng  device  was  found  to  be 
satis faetipry.  After  releasing  the  piston,  the  pcwdar  appeared  in  the  jet, 
downstreaiii  from  the  tunnel  Is  a  confined  cloud. 

Two  inethods  were  employed  to  obtain  estimatss  of  the  agglooMratlon 
of  the  powders  before  the  wind  tunnel  experiments.  These  were  (l)  micros* 

«  4 

cope  observation  of  a  sample  of  the  bulk  material  and  (3)  analysis  of  the 
particle  size  distribution  by  the  VRiitby  centrifuge  technique  as  described 
In  Section  4.1*.  Figure  3.4.3  is  a  mlerophotograph  (600X)  of  the  flour  be¬ 
fore  dissemlxMtion,  showing  large  agglosarates .  The  talc,  which  is  trans¬ 
lucent  and  therefore  difficult  to  photograph,  did  not  appear  to  be 
agglomerated.  However,  the  centrifuge  results  tabulated  below  indicate 

I 

that  both  powders  were  not  significantly  agglomerated  after  being  prepared 
for  size  analysis  and  centrifu^,  since  they  vers  In  the  size  range  speci¬ 
fied  by  the  source  of  supply.  An  explanation  for  the  difference  between 

I 

the  flour  photograph  and  the  centrifuge  results  may  be  that.the  primary 
particles  are  held  together  weakly  by  moisture,  and  are  broken  apart  In 
the  process  of  dispersion  for  Centrifuge  analysis. 
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Material 

MMD 

cap 

Size  Range 

Talc 

2.3  microns 

i.aii 

90li  from  1  to  15  stlcrona 

Flour 

6.55  microns 

1.67 

70^  from  5  to  20  microns 

’Figure  is  a  microphotogmph  of  the  flour  after  diaeemlnatloa. 

4 

Many  of  the  partlclea  ore  in  the  3-to-3  leicron  range  and  aggcawratee  are 
also  pzasent  vhlch  are  approximately  ID  to  microns  in  alsei  Since  the 
microscope  field  of  view  is  Quite  limited,  the  photographs  do  not  reveal 
the  fact  .that  there  were  also  a  few  very  large  agglcnerates  approximately 
.^00  microns  in  size.  These^large  agglooe rates  were  preaent  to  a  much  smaller 
degree  In  the  aerosols  produced  vdzen  the  fiach  number  was  0.60  than  in  the 
cases  where  the  Mach  number  was  0.60. 

♦ 

These  results,  which  are  very  preliminary,  indicate  that  this  dlssni' 
nation  device  does  not  cause  strong  acglaserations  during  the  ejection  of 
these  powders  which  oennot,  in  most  cases,  be  broken  up  by  the  high  sub* 
sonic  sir  stream. 

One  important  aspect  of  dissemination  which  sac  be  studied  with  this 
model  is  diffusion  of  powders  in  a  hi^  velocity  Jot.  It  Is  believed  that 

I 

to  efficiently  deagglcnarata  powders  It  Is  necessary  to  accelayate  them  at 
a  high  rate  in  the  air  stream  and  to  eliminate  areas  of  very  high  concen¬ 
tration.  Since  thoi'e  is  a  low  velocity  boundary  layer  along  the  tunnel 
wall,  it  ^s  desirable  to  get  the  powder  into  the  center  of  the  stream  where 
isaxlsium  asceleratlon  can  be  achieved.  Also,  under  such  a  condition  there 
will  be  a  minimum  asiount  of  pOwder  collecting  on  the  tunnel  walls  which 
may  agglomarate  and  leave  the  tuiuiel  in  relatively  large  pieces. 
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Observations  of  the  wind  tunnel  after  these  preliminary  runs  indi¬ 
cated  that  the  main  aerosol  Jet  followed  the  upper  tunnel  wall.  In  the 

» 

case  of  the  talc  teats  there  was  only  a  small  amount  irtilch  adhered  to  the 
wall.  On  the  contrary,  in  each  of  the  flour  rune  a  considexahle  amount  of 
the  material  was  collected  on  the  wall  extending  back  to  the  tunnel  exit. 

It  Is  believed  that  this  aerosol  flow  condition  was  tha  result  of  a  rela¬ 
tively  low  Injection  velocity.  The  necessity  of  snnpllng  at  different 
positions  across  the  wind  tunnel  with  the  hi^  velocity  aaaipllng  probe  in 
future  testa  is  borne  out.  by  these  tests. 

In  the  use  of  sui  Injection  type  model  such  as  daacribad  here,  two 
factors  determine  the  penetration  of  the  powder  into  the  air  stream;  the 
Injection  velocity  and  the  turbulent  diffusion  of  the  stieam,  Both  of 
these  parameters  will  be  investigated  In  the  subsequent  studies. 

Future  studies  will  be  carried  out  with  talc,  flour,  and  3H  to  deter¬ 
mine  the  effects  of  the  following  factors: 

(1)  air  stream  Mach  number 

(2)  injection  velocity 

(3)  agglomeration  and  powder  compaction 

(4)  air  stream  turbulence 

The  aerosol  will  be  sampled  by  using  the  hijji  velocity  sampling  probe 
and  76  nm  dla.,  type  AA,  Milllpore  filters  which  have  an  0.8  micron  pore 
size.  The  particle  dlptrlbutlon  will  be  deteimlned  before  and  after  each 
run  by  the  microscopic  and  Whitby  Centrifuge  analyses. 

• 
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4,  ‘  INVESTIOM^IOna  OF  THB  CHmCTBBISTICS  OF  FliaLlC  DIVIZn)  MMSKIALS 

4.1  Literature  Search 

As  a  result  of  the  literaturo  searfh  on  the  pr^erties  ol’  finely 
divided  oaterlals,  several  papers  have  been  reviewed  which  contribute  to 
the  total  understanding  of  the  factors  influencing  behavior  of  bulk  pow" 
dere.  These  papers  deal  primarily  with'  speolfle  surface  area  aeasureaente 
and  the  relation  of  size  distribution  to  plasticity,  dllataney  and  force 
tranfunisslon  In  bulk  powder. 

4.1.1  Specific  Surface  Area 

The  specific  surface  area  differs  widely  for  powders  of  various  chemi* 
cal  and  physical  types.  Gas  adsorption,  alr-penseabillty  and  microscopy 
methods  have  been  used  to  determine  values  of  the  specific  surface  area  of 
samples.  For  particles  below  6  microns  in  disaster,  the  mlr-penBeablllty 
method  gives  lower  values  than  does  microscopy  or  gas  adsorption.  The 
agreement  between  each  ms'thod  depends  upon  the  sine  and  other  characteris¬ 
tics  of  the  powder;  also,  the  restilts  from  each  method  depend  on  e  different 
characteristic  of  the  powder. 

D.  H.  Mathews^'^’^  compared  the  specific  surface  areas  of  nineteen 
fine  powders  by:  (a)  adsorption  of  nitrogen  at  77*K  and  (b)  alr-pormeabl- 
llty  method  described  by  RlgdenV^'^  By  metliod  (aj,  the  specific  area  mea¬ 
sured  was  larger.  Mathews  suggested  that  the  discrepancy  between  the  two 
nathods  of  measurenient  nay  be  due  in  pert  to  the  existence  of  an  Internal 
surface  in  sene  powders  which  were  not  measured  by  the  air-penseabillty 
method. 

4.1.1  Mathews,  D.  H.  Journal  Appl.  Chem.  J,  Ifov.  19^7 

4.1.2  Hlgdan,  P.  J.  -  Journal  Soc.  Ch«n'.  Ind.  OSi  130,  19^7 
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Cartwri^t,  Wheitley  and  Sing  ’  determined  the  specifld  siwface 
area  of  different  samples  of  silica  and  glass  spheres  In  the  Size  ran¬ 
ges  1-12  microns  hy:  (a)  gas -adsorption,  (h)  air-penneabillty  and,  (o) 
microscopy.  Tliey  established  an  enpirical  relationship  between  the  dia¬ 
meter  calculated  fron  microscopic  maasureaents  of  volume  and  the  diameter 
calcinated  from  the  specific  surface  by  ^s -adsorption.  The  relationship 

was  shown  to  apply  to  all  somplea  tested  except  unetched  quarts. 

0 

A  study  of  how  the  surface  azea  depends  on  the  conditions  of  drying 
and  storing  of  precipitated  alumina  was  made  by  ilarris  and  Slng.^‘^*^  Con¬ 
siderable  variation  In  surface  area  was  found.  This  study  of  the  literature 
reveals  the  Importance  of  surface  area  as  a  characteristic  of  powder;  and 
measurements  by  the  various  methods  Indicate  the  existence  of  a  large  in¬ 
ternal  surface  area  in  many  powders. 

4.1.2  Helation  of  Size  Distribution  to  Plasticity,  Dllatancy  and  Force 
Transmission  in  Bulk  Pcwder. 

Carl  Ludwig** '^'5  stated  that  the  most  important  property  of  loose 
bulks.  Insofar  as  agglcmeration  is  concermd,  ore  particle  site  distribution 
and  plasticity.  Ete  noted  that  uniform  size  particles  are  not  the  optimum 
for  agclowratlon.  Clusters  of  unifoim  size  particles  are  easily  separated 
along  symmetrical  planes  and  resist  movement  along  non-eymmetrlcal  packlnga 
of  random  assembly. 

4.1.3  Cartwrlfjit,  J.,  K.  Wheatley,  and  K.  8.  W.  Sing.  J.  Appl.  Ch«s.  6, 
.\pni  1958 

4.1.4  Ilarris,  M.  R.,  K.  S.  W.  Sing.  J.  Appl.  Chem.  J:  397,  1957 

4.1.5  Ludwig,  Con.  Chem.  Eng.,  156,  Jan.  1954 
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Uidvlg  illustrated  hov  a  clutter  having  a  predcoinance  of  one  side 
forme  a  truss*llke  structure  in  ccnpresslon  and  resists  compreaslve  flov. 
Conversely,  a  random  assembly  of  particles  varying  in  size  is  plaati^  and 
can  be  molded  or  ccapresaed. 


Uniform  Fstrtlcle  Random  Particle  Size, 

Size  Distribution  Non-Syiwietrieal  Riek 

4.1.6 

Brovm  and  llavksley  studied  the  mechanism  of  the  flov  of  particles 
in  two-dimensional  beds.  Their  study  of  the  literature  revealed  that  dila- 
tancy  is  en  important  factor  in  the  flov  of  granular  materials.  A  dllatant 
material  is  one  which  increases  in  volui'.c  when  the  shape  is  changed,  due  to 
wider  spacing  of  the  particles.  Dllatancy  was  found  to  apply  to  any  stable 
regular  or  Irregular  packing  of  graded  or  ungraded  partlclee  of  any  size. 
Photographii  of  their  tvo-dliMnslonal  model  consisting  of  a  single  layer  of 
ball  bearings  were  scrutinized  and  conelualons  drawn.  One  important  con¬ 
clusion  was  that  inhonogonelty  in  a  bed  under  deformation  ia  caused  by 
movement  of  groups  of  particles.  Dilatanoy  may  be  unnotlceoble  in  loose 
packings,  since  large  reductions  in  volume  may  result  fnai  collapse  of  the 
particle  structure. 

4.1.6  Brown,  R.  L.,  and  P.  G.  W.  Ilawksley,  "Puel  in  Science  and  Practice," 

■26!  159-73,  1947 

I 
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W.  Mead^'^*^  describes  several  of  Osborae  Reynold's  experiments  which 
illustrate  dilatancy.  One  exsonple  is  described  as  follows:  a  rubber  bal¬ 
loon  lo  filled  with  sand,  shaken,  and  enouQ^  water  is  added  to  Just  fill 
t}ie  voids.  When  the  balloon  is  deforaed,  dilatancy  Increases  the  void  vol¬ 
ume  sc  tlmt  more  water  Is  required  to  fill  all  the  voids. 

L  1  a 

Jenkin  *  tried  repeatedly  to  measure  the  "coefficient  of  friction" 

b 

of  granular  rnatcrlal  to  confirm  theories  on  earth  pressure.  His  failure 
to  obtain  reproducible  results  led  to  a  study  of  the  influence  of  dilatancy 
on  force  transmission  in  packed  beds.  Although  this  work  was  not  compre¬ 
hensive,  It  pi-ovldes  a  background  for  further  study  of  the  problem. 

An  bhalyslB  of  force  transmission  has  been  mads  on  the  current  pro¬ 
ject  irtilch  ta  presented  In  Section  4.2  which  follows. 


4.1.7  Mead,  W.  J,,  Journal  of  Geology  685,  1925 

4.1.8  C.  F.  Jenkin,  "Pressure  Exerted  by  a  Granular  Material:  An  Appll- 
,catlon  of  the  Principle  of  Dilatancy"  froo.  Hoy.  Soc.,  A,  1931. 
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■  2  Theoretical  Inveatlgatlona 

i 

An  analysis  has  been  mads  of  static  load  tranBml;s#ioa  in  particulate  • 

packlnga  vhich  royeala  several  poBslbllltles  for  future  research  on  the  pro- 

*1 

parties  of  finely  divided  taaterlals*  This  analysis  is  presented  belw. 

No  ^neral  theory  of  load  transmission  or  stress  distribution  in  granu- 

e 

lar  packings  Is  avallabla  at^the- presant  tins.  Conssqpentlyi  an  effort  le 
being  made  to  develop  a  theoretical  basis  for  studying  the  ctress-yleld 
characteristics  of  particle  beds.  These  eharaeterl sties  are  expected  to 
have  ra  laportant  bearing  on  the  handling  properties  and  characterisation 
teats  for  various  dry  agent  materials. 

In  exasdnlng  tha  characteristics  of  particulate  packings.  It  appears 
that  II  distinction  must  h*  drawn  between  solid,  sssentlally  elastic  partlclas 
such  as  sand,  glass  beads,  metal  shot,  etc.,  and  porous  ccaqpressible  na- 
tcrlals  such  as  biological  materials,  flour,  eomstarch,  etc.  In  the  fonwr 
case,  the  concept  of  dllatelllon  may'  hold  the  key  to  load  trananlfslon  within 
the  bed.  A  slsvle  and  intereetlng  axanpla  of  tha  role  played,  by  dllatancy 
is  given  below  for  a  hexagonal  packing.  In  general,  random  packings  aim 

foxuDd  to  be  statically  indstansinat#  so  that  soae  knowladgs  of  tha  streaa- 

e 

•train  or  co^resslbility  oharactarlstics  of  the  material  is  xequlrad  in 
order  to  deteimine  tha  load  distribution  in  the  bed.  For  beds  eo^sad  of 
solid  elastic  elements  (glass  beads,  shot, etc . )  an  analysis  based  on  the 
elastic  properties  of  aggrspites  of  the  particles  should  enable  a  spaeifl- 
cation  of  tha  stress  distribution  in  the  bed.  Certain  restrictions  on  the 
stress  distribution  must  be  observed,  however,  such  as  limits  in  pennlcaable 
tensile  stresses. 
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Zt  appears  likely  that  an  essentially' different  aprroach  nay  1w  re- 

t 

qulred  for  ccmpressible  materials  since  the  yield  stresses  are  probably 
related  to  the  compaction  of  the  material  vrtilch  occurs  during  loading. 
Materials  of  primary  interest  ip  the  present  study  are  expected  to  fall 

into  this  category.  Invest! gatiore  of  both  typea  of  mtexials  are  being 

« 

undertaken  in  order  to  gain  jp  siuch  Insight  as  possible  into  the  behavior 
of  particle  beds  as  It  affects  the  handling  and  conveying  aspects  of  dls- 
seulnation  systems  for  dry  materials. 

* 

^■2.1  Analysis  of  Static  Load  Tranaalsslon  In  Granular  Packings 

Considerable  vork  has  been  done  in  studying  the  properties  of  granu¬ 
lar  packings  made  up  of  solid  particles.  These  packings  are  characterized 
by  dilatent  behavior.  Thus  if  a  packing  has  a  volume  V  in  an  initial  equi¬ 
librium  state,  the  volume  will  generally  Increase  by  A  V  when  e  displace¬ 
ment  la  produced  within  the  bed*  If  the  bed  volume  Is  fixed,  experiments 

Indicate  that  motion  of  the  granular  ouiterial  within  the  bed  Is* Impossible 

U  2  1 

without  fracture  of  the  granules.*  '  With  no  confinement,  pressures  ap¬ 
plied  to  the  bed  ultlmktely  work  against  the  weight  of  the  material.  The 
vork  done  the  applied  loading  can  be  eq;uated  to  the  change  la  potential 
energy  of  <fhe  system  plus  the  work  done  against  friction  In  displacements 
of  OAterial  in  the  bed.  In  general,  the  elastic  energy  stored  in  the  bed 
must  be  Included  in  the  potential  energy  of  the  system,  although  in  many 
Instances  this  energy  may  be  omitted  with  negligible  error.  Hie  abovs 

^•2*1  C.  P.  Jsnkin,  "Pressure  Exerted  by  a  Oraaular  Material:  An  Applica¬ 
tion  of  the  Principle  of  Dllatancy"  Proc.  Boy.  Soc.,  A,  1931,  33,  53. 
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stateinant  n»y  be  formulated  in  terms  of  the  equation: 


ciTW  -  F  </x  -  +  o/'Wf  +  (1)  , 

vhere  F  Is  the  applied  force,  yp  is  the  change  In  elastic  energor  stored  In 

the  bed,  and  «/'W^  la  the  frictional  worh  done  in  displacing  the  bed.  Pie 
n 

term^  la  the  change  In  potential  energy  of  the  bed  sunaied  over 

the  ti  particles  contained  in  the  bed.  Although  the  general  energy  rela* 
tlonahlp  expressed  by  Equation  (l)  is  not  susceptible  to  straightforward 
anolysis,  it  is  frequently  possible  to  Justify  unisslon  of  the  elastic  energy 
tezm  in  practical  calculations.  Furthemore,  the  frictional  ten 
may  be  approximately  evaluated  in  acne  Instances  (an  example  is  presented 
In  the  following  section  of  this  report).  An  important  consideration  In 
applications  of  Equation  1  is  that  complex  static  internal  load  dlstribu-  ' 
tions  do  not  have  to  be  deter^l^ed  in  order  to  compute  the  work  done  on 
the  bed  since  no  net  work  is  done  by  such  forces.  Of  course;  this  is  not 
true  along  lines  of  slip  where  frictional  difslpatlon  occurs.  It  will  be 
noted  that  for  packings  composed  of  hypothetical  frlotionless,  Inelastic 
particles.  Equation  1  reduces  to: 


F  <fx 


(2) 


For  granular  materials.  It  appears  that  the  relative  displacements  of  par¬ 
ticles  In  a  bed  may  be  related  through  the  Interpertlcle  geoMtry  of  the 
bed.  Thus  if  a  force  F  is  applied  at  a  point  in  the  pocking,  prdSluoing  a 
snail  locul  dlnplncement  /x,  displacements  ®  developed  in  a 


k 
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suumer  dependent  eseentlally  on  the  configuration  of  the  particles  In  the 
bed.  In  general,  these  dlaplacensnts  vould  have  to  be  determlMd  on  a  stat 
istical  basis.  Hovever^  for  regular  paeUngs  the  dlsplaceaents  may  be 
easily  found  In  many  cases,  as  illustrated  In  the  folloving  dlsoussion. 

4.2.2  Static  load  transmission  In  regular  packings-. 

The  basic  prlnciplss  pressnted  in  tbs  above  discussion  find  a  rsady 
application  to  regular  packings  of  discs  or  spheres.  Two-dlmenstonal 
arrays  are  considered  herein  for  the  soke  of  simplicity.  Extension  of 
these  results  to  three-dlmanslons  does  not  appear  to  present  any  basie  dlf> 
flculty,  but  this  will  be  deferred  to  a  later  .report . 

4. 2. 2.1  Square  A rrayg .  The  simplest  regular  packing  is  the  square  anangs- 
went  lllustratad  in  Figure  4.2.1.  For  a  bed  of  n  tiers,  the  force  per 
contact  at  the  floor  is  n  W  where  W  is  the  weight  of  each  element.  It  Is 
clear  that  this  force  is  not  altered  if  one  of  the  discs  (or  spheres)  in 
the  bottem  row  is  displaced  upward,  since  only  those  discs  lying  directly 
above  the  bottoii  disc  are  affected.  This  result  is  not  altered  by  fric¬ 
tion,  assuming  that  no  horizontal  compression  is  applied  to  the  bed.  A 
second  square  arrangement  is  obt*alned  by  arraying  the  contacts  between 
discs  along  lines  inclined  45*  to  the  horizontal  as  illustrated  in  Figure 
4.2.2.  Neglecting  friction,  it  Is  again  found  that  no  increment  of  force 
is  required  to  displace  a  disc  at  the  bottom  of  the  pile. 

4*2. 2. 2  Hexagonal  Arrays.  The  hexagonal  arrangeswnt  of  discs  Is  much  mon 
interoetlng.  Two  ragular  configurations  are  possible  as  shown  in  Figures 

4.2.3  and  4.2,4.  Considering  first  the  configuration  shown  in  Figure  4.2.3 
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FlguiiB  4.2.1,  Vertical  Square  Array 


Lines  of  Slip 


Figure  4.2.2.  45*  Square  Array 


-  50 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD.  WHS 
IAWE013S26.  Section  3.5 
bats; 


««  1'  a» 


I 


I 


Slip  Line 


Figure  1».2.3.  Hexagonal  Array  -  Configuration  I 


Figure  k.2,U. 


Hexagonal  Array  -  Configuration  II 
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it  is  fouM  that  the  upward  displacement  of  a  disc  at  the  botton  of  the 

» 

pile  vill  raise  all  of  the  discs  in  the  triangular  region  MNO.  Along  the 
slip  lines  MO  and  N0|  the  diagonal  contacts  .narked  vith  a  snail  circle  are 
opened  while  additional  loads  axe  transferred  to  the  horizontal  contacts. 
Por'frlctlonless  discs  the  loading  can  be  found  very  easily.  It  follows 
innedlately  from  Squation  2  that  the  force  F  is  simply  the  weight  of  the 
discs  contained  in  the  region  MNOj  l.e.: 

F  -  I  (n  +  1)  W  (3) 

If  m  discs  at  the  floor  level  are  displaced  the  total  force  is:* 

F  ■  n  (m  +  W  (4) 

The  two  end  dlscc  each  support  the  load: 

4 

F'  -  f  (n  4-  3)  W  (5) 

while  the  Interior  discs  merely  support  the'  discs  directly  above  then. 

This  is  a  two>dlnBnslonal  analog  of  the  three-dlaenalonal  platform  (Jolly 
balance)  tests  reported  in  our  Tii-st  Quarterly  ;  regress  Report. 

The  horizontal  loads  applied  to  the  discs  lying  on  the  diagonal 
CM  are  given  by  the  formula: 

iW 

Xi  -  (i  -  1,2  n)  (6) 

where  i  denotes  the  1^^  row  of  discs  from  the  top  of  the  bed.  An  approxi¬ 
mate  analysis  of  the  effects  of  friction  can  be  carried  out  by  adding  to 
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t^ie  load  given  by  Situation  3  the  frJctlo^jal  loading  along  the  slip  lines. 

F  =  (1  +  f  (a  +  1)  W  (7) 

where  jii.  Is  the  coefficient  of  friction.  Itkls  result  depends  on  the  stssutqp' 
tion  that  the'Oontacta  along  CM  and  ON  are  simultaneously  on  the  point  of 
slipping. 

Another  hexagonal  configuration  is  shown  in  Figure  4.2*4.  Displace¬ 
ment  of  a  disc  at  the  point  "O”  by  an  ancnont  ^ y  clearly  displaces  the  discs 
directly  above  "0"  by  an  egual  amount.  However,  the  discs  on  either  side 
of  this  vertical  column  axe  displaced  at  an  angle  as  shown  on  the  figure, 
the  upward  coogwnsnt  of  this  displacement  being  3  ^y>  Using  the  energy 
principle  expressed  by  E<]:bation  2  the  yield  force  for  this  ease  is: 

P  «  (n  ♦  1)  (n  -  1)  W,  (8) 

corresponding  to  n  tiers  of  discs.  Comparing  the  above  result  with  that 
obtained  for  the  first  hexagonal  configuration  on  the  basis  of  eqpal  bed 
depth  h,  the  following  results  art  found  (for  large  n): 

Configuration  I: 


Configuration  II: 


(3’) 


(3-) 


These  results  ars  valid  for  large  values  of  y.  By  inspection  of  these  equa¬ 
tions  it  can  be  seen  that  the  yield  force  for  the  first  ccmfiguratlon  ap¬ 
proaches  two- thirds  that  of  the  second" configuration  for  large  h/i  ratloa. 
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The  $lip  line  in  the  above  axamples  of  recpilar  peu^lnga  comsapoodB 

4.2.8 

to  the  so-called  angle  of  internal  frictioni/d  .  *  '  aenerallyi  experl» 
mental  values  otyO'  lie  In  the  range  60“  plus  to  90*«  whereas  the  theoaretl- 
cal  values  for  regular  packings  correspond  to  90*,  60*  and.  30*,  according 
to  the  present  analysis.  For  skewed  regular  packings  and  for  randon  pack* 
ings  it  Id  apparent  that  intennediate  angles  may'be  obtained.  In  randan 
arrangements,  local  slip  lines  which  vary  fron  point  to  point  nay  lead  sta- 
tistlcally  to  on  overall  angle  of  slip  for  an  aggregate  of  granules,  which 
nay  be  interpreted  ao  the  internal  angle  of  friction.  Sane  investigations 
along  this  line  are  planned  for  the  future.  Other  areas  which  will  be 
studied  include; 

(1)  Investigation  of  the  load  distribution  in  particulate  beds  on  the 
assumption  that  the  material  behaves  as  a  continuous  median.  It  is  antici¬ 
pated  that  analytical  techniques  from  the  theoiics  of  elasticity  and  plas¬ 
ticity  might  be  brought  to  bear  on  the  pyoblen  when  viewed  in  this  light. 

For  compressible,  compactlble  material a  it  appears  llktly  that  a  theoretical 
approach  along  these  lines  would  be  vai^  fruitful  in  conjunct.lon  with  eaeperi- 
mants  to  typify  the  conpreaslbllity  and  yield-stress  characteii|tlCB  of 
these  naterials  *  data  wUch  would  be  r-i-iuli-  i  t  ;  ■O',.  Itinate 

goal  of  these  studlen  is  to  relate  the  static  behavior  of  iiertlculate  pack¬ 
ings  to  basic  physical  properties  of  :psrtleulate  materials. 

(2)  Flew  properties  of  particulate  materials  win  be  studied  Insofer 
as  possible  for  those  materials  capable  of  flow.  No  work  of  a  general 

4,2,2  Zens  and  Othmer  "Fluidisation  and  Fluid-particle  Systema''  Keinhold 

Publishing  Corp.  New  York  (i960). 
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.  nature  has  been  done  to  date  along  these  lines  aside  from  a  survey  of  avail 
able  Literature. 

In  future  worltj  an  effort  vlll  be  made  to  define  conditions  for  tha 
onset  of  flov  (frtsn  a  study  of  static  yield  characteristics  as  discussed 
above)  and  to  examine  the  types  of  flow  possible.  $ 
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4.3  Experiments  on  Charaeterlatlcs  of  Powdera 

Experiments  of  three  types  are  discussed  In  this  section.  These  deal 
with  (] )  translation  of  particles  above  a  moving  piston,  (2)  gravity  flow 
of  particles,  and  (3)  the  torque  required  to  rotate  a  helical  screw  confi* 
Quratlon  in  a  powder  bed.  These  experiments  are  dlscuased  in  the  paragraphs 
which  follow. 

4.3.1  Translation  of  Particles  Above  a  Moving  Piston 

Ati  experiment  was  conducted  to  visually  explore  the  translation  of 
relatively  large  particles  above  a  moving  piston.  The  apparatus  Is  shown 
In  Figure  4.3,1.  The  material  used  in  this  experinsnt  was  steel  shot,  200 
to  300  microns  In  diameter.  Alternate  layers  were  colored  so  that  the 
relative  motion  could  be  seen.  As  the  piston  was  moved,  upward,  the  material 
above  the  piston  wae  translated  both  vertically  and  horlsontally.  In  Figure 
4.3.1  note  that  the  vertical  displacement  of  the  piston  is  many  tlaas  larger 
than  tho  vcrtlclc  dlsplacefiient  of  tiie  top  of  the  bed.  Liiceviae,  note  that 
the  width  of  the  area  which  is  disturbed  on  the  surface  la  several  times 
larger  than  the  width  of  tho  piston. 

It  can  also  be  seen  .that  the  boundaries  of  the  displaced  natertal  are 
not  closely  defined,  indicating  the  difficulty  of  applying  theoretical  ana¬ 
lyses  to  a  problem  of  thio  typo.  It  appears  that  determination  of  the 
total  volume  displaced  by  the  piston,  may  give  a  useful  identifying  oharae- 
terlstlc  of  the  material  being  studied. 
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4.3.2  Gravity  Plow  of  Particle# 

The  apparatus  shown  In  Figure  4.3.1  and  the  particle  coloring  tech- 

4 

nique  were  also  us^  to  study  gravity  flow  characteristics.  The  200-300 
micron  steel  shot  was  also  used  in  this  experiment. 

After  opening  the  discharge  orifice,  the  upper  part  of  the  lad  did 
not  show  novBiaent  until  the  material  in  the  vicinity  of  the  opening  was 
dlocharged.  Dilation  was  quite  evident  at  this  point. 

The  following  sketch  is  useful  in  describing  the  subsequent  flow. 


Region  A  slides  over  Region  B,  and  Region  B  slides  over  the  station¬ 
ary  Region  E.  Region  B  moves  more  slowly  than  A.  Region  C  conslsta  of 
particles  fran  both  Regions  A  and  B.  Once  the  particles  are  near  dr  in 
neglon  D,  they  fall  ot  a  much  larger  velocity.  Tlie  angies  the. region#  make 
with  the  horizontal  remain  constant  during  discharge.  When  the  Regi<»ia  A 
and  D  contact  the  orifice,  the  discharge  quickly  ende. 

I 

This  experijitent  Illustrates  the  fact  that  the  gravity  flow  process 
•  Is  dfijandent  on  veiy  localized  conditions.  In  the  process  daseribed  above, 
the  slope  of  tiie  boundary  between  Regiona  B  and  E  may  be  a  uaoful  identify¬ 
ing  characteristic  of  the  material. 

I 
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1*.3.3  Torque  Required  to  Rotate  a  Helical  Screw  Configuration  In  a  Powder 
Bed. 

Meaaurementa  of  tlie  torque  required  to  rotate  a  screw  eonfij^ratlon 
in  i  powder  ^>ed  have  bean  made  to  exploi^  the  usefulness  of  this  approach 
to  identification  of  powders. 

The  apparatus  used  In.  these  measurements  is  described  in  Section  2.1 
of  thin  report.  It  consists  of  a  helical  screw  44  mm  In  dlaneter,  enclosed 
in  a  lucite  cylinder  with  an  Interval  diameter  of  ^1  nia. 

As  a  flrat  step,  the  reproducibility  of  measurenenta  of  the  torque  re> 
qulrsd  to  rotate  the  screw  was  evaluated.  In  a  series  of  50. teste,  the 
torque  reqvtiied  to  rotate  the  screw  (when  it  was  filled  with  Sierra  Mlstron 
#18  talc). free  found  to  be  i,66  x  10^  dyne-centimeters,  ♦  7  percent,  (The 
particle  size  distribution  of  this  material  is  given  In  Section  4.4  below.) 
This  reproducibility  indicates  that  the  variations  introduced  by  the  filling 
process  are  relatively  small. 

The  torqoe  reqtilred  to  rotate  the  eeme  configuration  in  a  bed  of  poly 

vinyl  alcohol  powder  was  found  to  be  approximately  50  percent  of  that  re<* 

qulred  for  the  talc.  This  was  a  most  interesting  finding,  since  the  bulk 

flenslty  of  the  p.v.a.  is  0.569  gn/cm^  while  the  density  of  the  tale  le 

0.222  gm/cc.  The  data  frcn  the  disc-lifting  experiJnent  previously  des- 
U  1  1 

crlbed  showed  a  strcmg  density  dependence.  'Oiese  torque  mcaeuTcnents 
are  apparently  more  aensltive  to  friction  between  particles. 

We  plan  to  extend  these  experiments  to  other  materials  and  flow  condl- 

tlons. 

4.3.1  General  Mills,  Inc.  Report  No.  2125,  "Oissaffllnatlon  of  Solid  and  Liquid 
BW  Agents"  (Uhelassifled  Title)  CN;tober  13,  I960,  SBCEBT,  p.  k6. 
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li.4  Experimental  Particle  Size  Analysla 

In  connection  with  th^  experimental  work  which  has  hean  and  will  he 
conducted  in  the  flelda  of  characterization,  feeding,  dissemination  and 
■  deagglosiaration  of  finely  divided  solid  materials,  the  particle  size  dis- 
tj-lhutlons  of  several  materials  have  been  measured.  The  Whltl^  centrifuge 
technique  was  «nploy«d  to  detenaine  the  particle  size  distrihutlon  of  hulk 

I 

samples  of  three  separate  lots  of  3M,  samples  of  Sierra  Hlstron  No«  18  tale 
’  and  also  CSeneral. Mills’  "Jet"  flour,  which  is  a  finely  ground  hitfi  protein 
flour. 

The  apparatus  used  In  this  work  lo  the  current  model  of  the  Whitby 
‘  centrifuge  equlpoAnt,  manufactured  by  the  Mine  Safety  Appliances  Cceipany. 
Tl^s  apparatus  includes  e  two-speed  (600-12t30  RW)  centrlhige,  an  1000  RIH 
centrifuge  and  a  centrifuge  tube  viewer,  which  Is  an  optical  device  for 
measurement  of  the  sediment  height  in  a  centrifuge- tube • 

f 

4.4.1  fcentrlfuge  Operating  Principle 

This  particle  size  analyzer  operates  on  the  principle  of  sediaenta-  * 

k  1 

tlon  In  a  liquid.  Whitby's  original  work  *  '  fully  deserlbes  the  apparatus 
and  method  of  application.  The  use  of  the  centrifuge  method  greatly  de¬ 
creases  the  time  required  to  analyze  particles  in  the  1  to  $  micron  size 
range.  As  an  illustration,  Whitby  states  that  an  analysis  of'A.C.  fine 
Test  Oust  (68.2^  less  then  12  micron  iiameter)  that  would  take  ^4  hours  by 
natural  sedlmeniation  can  be  accanplished  lu  about  25  minutes  by  centrifu¬ 
gal  analysis. 

4.4.1  Whitby,  K.T.,  A3HAE  Journal  Section,  Ifeatlng,  Piping  and  Air  Con- 
lUtloning,  January  1955  (pse*  ^31)  and  Juna,  1959  {FeBsal39'-45). 


! 
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i 

! 

I 
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Most  centrifuge  methods  of  aizo  analyois  start  with  an  Initially 
hoDogeneous  suspension  of  particles  in  the  tube.  Serious  prohlens  exist 
in  using  this  method  since; 

(l)  particles  of  various  sizes  are  settling  out  of  suspension  at  any 
given  tlmej  and  (2)  the  forces  acting  on  the  particles  vary  with  the  radius 
in  the  centrifuge.  These  factors  make  impossible  an  exact  solution  to  the 
differential  equations  that  describe  the  rate  of  sedinentation.  These 
problems  are  overccme  in  the  Whitby  centrifuge  by  all  of  the  particles  be¬ 
ing  initially  situated  in  a  layer  at  the  top  of  the  sedimentation  liquid. 

*  *  • 

The  procedure  used  with  the  Whitby  centrifuge  is  bilefly  sunnarlzed 

as  follows:  (1)  the  clean  tube  is  filled  to  a  line  near  the  top  with  a 

suitable  sedimentation  liquid,  and  placed  in  the  viewer;  (2)  a  suspension 

of  partlcJ,e8  Is  made  up  (by  blending)  in  a  liquid  that  Is  miscible  with 

the  sedimentation  liquid  and  has  a  slightly  lower  density  and  a  slightly 

t 

airier  viacoalty;  (3)  an  aliquot  of  this  suspension  la  placed  In  the  feed- 

V 

ing  chamber  and  released  in  such  a  way  as  to  leave  a  shsurp  layer  of  sus¬ 
pension  on  top  of  the  sedimentation  liquid;  (4)  then,  at  tins  Intervads 
calculated  from  Stokes'  law  for  the  desired  sizes,  the  height  of  the  sedi¬ 
ment  In  the  capillary  is  read.  Sedimentation  Is  allowed  to  proceed  under 
grsJUty  for  a  predetermined  period,  then  the  tube  i  transferred  to  the 
lowest  speed  centrifuge  and  rotated  foi  a  precalculated  time.  The  tube 
is  removed  to  read  the  sedlraent  height  and  then  is  replaced  n  the  centri¬ 
fuge  for  the  next  time  interval.  Thio  is  continued  until  there  is  no 
ohan(:;e  in  sediment  height  or  until  the  last  centrifuge  time  in  the  schedule 
Ims  been  run. 
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I'he  procedure  for  calculation  of  the  time  schedules  for  the  gravity 
aettllns  period  and  the ■ centrifuge  operating  periods  is  outlined  in  Appendix 
A  'Of  this  report. 

The  direct  results  of  this  experimental  else  analysis  are  values  of 
the  percentage  (by  veii^t)  of  material  of  particle  sizes  smaller  than  each 
of  several  preselected  particle  diameters.  These  values  are  proportional 
to  the  ratio  of  the  sediment  heigiit  In  the  capillary  of  the  centrifuge  tube 
at  the  end  of  the  time  period  (corresponding  to  the  size  In  question)  to 
the  total  sediment  height  at  tha  end  of  the  analysis.  Ilhesa  data  are  con¬ 
ventionally  plotted  as  the  cumulative  distribution  on  log  norwal  gniph 
paper.  A  straight  line  on  this  plot  of  percent-finer-than-slze  vbmus 
particle  diameter,  indicates  a  log  normal  size  distribution.  'Rie  mass 
madian  disaster  (;.MD)  and  the  geometric  standard  deviation  (OSD)  may  also 
be  detemiiMd  from  a  plot  of  this  type. 

4.4.2  Results 

results  of  these  particle  size  determinatlona  are  presented  in 
Plgurea  4.4.1  through  4.4.5*  Each  of  these  graphs  gives  data  from  two  sepa¬ 
rate  detemlnations  so  that  the  reproducibility  of  the  data  is  illustrated. 

With  respect  to  the  three  separate  lots  of  SM  (Figures  4,4.1  throu^^ 
4.4.3)  it  is  interesting  to  note  that  sample  CBL  B-0807l»  which  bad  been 
stored  since  its  preraratlon  several  ^ears  ego  had  an  average  HMD  of  4.9 
microns,  while  the  other  SM  ssmples  (which  were  prepared  in  I96O)  had 
average  MO  valiies  of  3*20  and  3.25  microns. 

a 
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DUPLICATE 


MMD 

#  I  •  3.3> 

#ri  O 


3^  56789  10  20  30 

Particle  Diameter,  Microna 
FIGURE  4.iv.l 

SIZE  AKALYSES  ON  SM  SAMPUS  Cmi>B-0dO7O06 


f^^.A 

1.64  75.0 

1.83  78.2 
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1  2  3  '  ^  5  6  T  '3  910  20  30 

Bartlcle  Dlajuter,  Micronn 

FIGOTE 

DUPUCATE  8IZE  AKALYSES  ON  SM  SAMP1£  0Bl#A<34l6$^4 


MMD  cap 
#  I  •  VMt-  1.92 
#1105.0^  1,65 
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it  Finer  Than  Size 


PIOUHE  U.U.3 

OUPUCATE  SIZE  ANALYSES  ON  3M  SAHFIE  GSt^A -3^16691 


MO..  OSP 

#  I  •  3.25/t  1.62  77.6 

#no3.1^a  1.80  70.6 


NOTE;  Duplicate  size  analyses  vere  run  on  individual  sanies. 
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f  ?lner  Thao  Size 
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CENTRIFUCE  3122:  DISTRIBUTIOW  TOR  TAW 


'  WP  i  <  5>f 

if  I  •  2.3Q^  iTot  90.7 

ill  o  2.31^  1.84  89.8 
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FIGURE  It, I*. 5 

CEWTRIPUffi  SIZE  ANALYSIS  FOR  GMI  "JET"  FLOUR 


MMD  GSD 
#  I  •  1752 
#II  O  6.6!^  1.7a 


28.3 

25.4 
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The  analysis  of  the  Mistron  No.  i8  talc  (Figure  4.4’.4)  gsve  values 

( 

of  the  MCD  of  2.30  and  2.37  microns,  with  approximately  90^  leas  than  5 
micron  diameter. 

Figure  4.4.5  gives  the  values  for  the  General  Milla  “Jet"  flour,  which 
was  found  to  have  on  average  KMO  value  of  6.5^  ml crons. 

The  materials  covered  in  these  particle  size  detexnlnations  have  been 
us4d  In  the  experiments  on  feeding  concepts  and  deagglone ration  by  aerodynamic 
forces . 
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5. 


RTtm-TKa  OF  THE  AEBOQYKAMIC  CHARACTERISTICS  OF  VINO-MCUinSD  KXSEHRAL 
AIRCRAFT  SKJRE3 

Installation  of  external  BH  disseminator  stores  on  the  dellvary  aircraft 
will  result  in  a  raductlon  in  its  perfomance  capabilities.  An  evaluation  of 
the  effects  of  the  external  store  installation  is  therefore  an  liqxartant  part 
of  this  study.  The  aerodynasilc  drag  caused  by  the  store  installation  Is  a 
very  important  consideration^  since  it  will  define  the  increase  in  thrust 
rei]uired  to  maintain  a  given  flight  speed  or  the  reduction  in  speed  ^ieh 
vill  occur  vith  a  given  available  thrust. 

The  inerenantal  drag  that  la  imposed  on  an  aircraft  vlng  by  an  exter- 

I 

nally  mounted  store  arlees  from  two  main  sources.  The  first  is  the  Isolated 
stbre  drag  (the  drag  of  the  store  itself)  a.id  the  second  is  the  contribution 
to  the  incremental  drag  from  the  interference  effects  that  artse  when  the 
store  is  Installed  on  the  aircraft  wing.  Since  both  of  these  contributions 
are  of  significant  aagnltude>  and  the  Interference  drag  contribution  la 

I 

strongly  dependent  on  the  details  of  the  iustailatlonf  simple,  general  aolu* 
tions  for  this  problem  do  not  exist.  The  most  useful  available  data  art 
believed  to  be  those  from  the  systosatlc  investigations  of  specific  store 
installations. 

5.1  Installed  External  Store  Data 

A  ^cmprehenslve  investigation  of  this  subject  was  conducted  by  Spraraann 
and  Alford. This  investigation  was  made  in  the  Langley  high-speed 
7'ft  by  lO-rt  tunnel  through  a  Mach  number  ran^  of  0.^1  to  0.96  to  dater- 

alne  the  effects  of  external-store  fineness  ratio,  store  shape,  store 

^.1.1  Spreemann,  K.P.  and  W.J.  Alford,  "Investigaticn  of  the  Effects  of  Oaemetrla 
Cfamngea  in  an  Underwing  Pylon-Suspended  External-Store  Installation  ss  the 
AerodynsBle  Characteristics  of  a  Degree  Sweptback  Wing  at  High’&ibsonlc 
Speeds.”  mACA  Research  Memorandum  KM  I.50L12,  195L 
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chordwlBe  position,  pylon  thickneos,  pylon  length,  «nd  pylon  nogl*  on  . 

the  aarodynamio  characteristics  of  several  undeiwing  pylon-suapended  external 
atorea  in  comhlnation  '.rtth  a  45  degree  eweptback  sealapaa  wing  and  fuselage. 
The  store  profiles  corresponded  to  NACA  65A« series  bodies  of  revolution,  the 
pylons  were  NACA-65A  series  airfoil  sections,  and  the  wing  was  an  RACA  65AOO6 
airfoil  section. 

The  coordinates  for  NACA  65A-serle8  bodies  of  revolution  of  various 
fineness  ratios  are  given  in  Figure  5.1.1. 

Values  of  the  incremental  drag  coefficient  baaed  on  wing  area,  Oq^,  are 
given  in  Reference  5.1,2.  However,  it  is  ooneidered  preferable  in  our  etuAiea 
of  av  stores  to  adopt  a  definition  based  on  volume  to  the  2/3  pmer,  ae  used 
by  Haaslet  and  Nltsberg^*^*^,  since  the  volume  of  the  etore  le  an  important' 
variable  in  our  analyeee.  Thie  definition  is: 

_ P 

e 

where  0  ■>  incremental  drag  of  store,  pounds 

-  air  density  in  the  free  «trsafti,  aluge/ft^ 

Uq  ■  velocity  in  the  free  stream,  ft/sec 
V  :■  volume  of  the  store,  ft3 

Thie  drag  coefficient,  0^,  may  be  obtained  from  value*  of  the  drag 
coefficient  beeed  on  wing  aree,  C{)g  as  follows: 

5.1.2  Heaelet,  M.  A.  and  G.  B.  Mltzberg,  “The  Calculation  of  brag  for  Airfoil 
Sectione  and  Bodies  of  Revolutlcm  at  Subcritlcal  Speeds",  NACA  Besearch 
Memorandum  m  No.  A7B06,  1947. 
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FIGURE  5.1.1  ORDINA'TBS,  IN  PEKCEm?  lilKGTK,  FOR  nVE  HAGA  65A-aERIB8 
BCOIES  OF  HEVOIOTION  USED  AS  EXTERNAL  ffTO^S 
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where  S  is  ths  wing  area  (0.125  or  l3  in^). 

The  voluBie  of  the  »CA-65A  series  body  of  revolution  was  obtained  froa 
tJte  dat^  given  in  Heference  5»1-1  graphical  integration.  For  a  store 
with  a  length-to-dlsmeter  ratio,  .£g/d,  of  8,  the  toUl  voUiae  of  oak  store 
is  0.835  The  general  relationship  for  calculation  of  the  voluae  of  ui 

NACA  65A-Qerlee  body  with  ig/d  =  8  is  V  =  0.006?  *  Since  the  experi- 

nents  dlscuased  in  Beference  5.1.1  were  conducted  with  one  atoie  mounted  on  t 

t  semiapan  modal  wing  with  an  area  of  9-C  In^,  Cd^  beccjoea 


— 

p 


9.0 


635  )^J 


10.15  Opg 


^  Typical  values  of  the  drag  coefficients  frcm  Reference  5»1*1  tabu« 
lated'  below  for  the  case  of  a  store  of  fineness  ratio  ■  8,  mounted  on 

a  pylon  with  a  length*-tQ-ohord  ratio  ^'p/C  «  0.09^5  (with  zero  degree 
sweep  angle)  at  values  of  the' lift  coefficient,  C^,  of  zero  and  0.3- 

Ct.  * 


Mach  Number 

% 

% 

Q.50 

O.OOLO 

0, 0^*06 

0.0070 

0,0710 

o.ao 

0.0065 

0.066c 

0.0005 

0.0863 

y.92 

0.0170 

0.1726 

0.0105 

0.1878 

For  the  above  cases,  the  angle  of  attach,  Q  ,  at  Cj^  -  0  was  approximately 

0.5  degrees  and  at  Cl  “  0.3  was  approximately  CC  *  5-5  degrees.  The  Reynolda 

♦  pylon  length  is  ^ fined  m  the  distance  between  perallel  tangents  to  the 
lower  surface  of  the  wing  and  the  upper  surface  of  the  store. 
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inunbf-r,  based  on  the  naan  aerodlynaalc  chord  of  the  wlog,  varied  as 


follows : 


At  M  =  0.50,  Np  varied  from  0.55  ho  O.60  x  10 


-6 


At  M  =s  0.80,  %  varied  fron  O.7O  to  0.75  x' 10"^ 


At  M  =  0.92,  Np  varied  from  0.72  to  O-TT  x  10“^ 

A  more  ccaplete  presentation  of  this  drag  information  is  given  in 

Figures  5.1.2  and  5.1.3,  vhich  show  the  drag  coefficient  versus  Mach  Number 

» 

for  several  configurations  at  two  values  of  the  lift  coefficient.  Conver¬ 
sion  of  values  of  Cq^  to  were  perfomad  in  the  seme  manner  as  illustrated 
above  for  the  case  whera  >8. 

In  addition  to  the  values  fnnn  Reference  5.1.1>  Figures  5.1.2  and  5.1.3 
present  values  from  Reference  5.1.3  (Bielat  and  Harrison)  and  Reference  5.1.^  ' 
(North  American  Aviation,  Inc.). 

From  Reference  5.1.3,  values  were  obtained  for  a  body  with  a  cylindri¬ 
cal  center  section.  This  body  had  an  ogival  nose  and  tall  section  each  4 
Incites  long  and  a  cylindrical  center  section  6.27  inches  in  length.*  The  body 
diaipeter  was  I.50  inches.  Tiiia  gives  an  £g/d  equal  to  9.31. 

The  body  volume  was  obtained  in  a  manner  similar  to  that  outlined  pre¬ 
viously  and  is  equal  to  l8.22  cu  in. 

The  values  of  for  various  Mach  numbers  were  obtained  by  using  a  wing 
area  of  I65  sq  in.  Therefore,  the  relationship  between  Cjjy  and  Opg  is  given 
as  follcws; 


CDy  -  Cpg 


S 

^571 


5.1.3  Bielat,  R.  P.  and  B.  E.  Harrison,  "A  Transonic  Vlnd-Tunnel  Investiga¬ 
tion  of  the  Effects  of  Nacelle  Shape  and  Position  on’ the  Aercdynsmle 
Chamcteristlce  of  Two  1*7-I>egree  Sweptback  Wing-Body  Configurations", 
NAGA  m  L52a02,  1952 


5.1.4  North  American  Aviation,  Inc.  Report  No.  NA-60-l403  (Secret)  Now.,  i960. 
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X  -  /^o/d,  a  6  ''  NACA-6I5A  Senes, 

O »  ia/d  =  8  ’  Bodieo  of  Hevolutioa,  (IWLJOLlf  ) 

A  ■«  yis/d  •  10^ 

J^s/d  m  9,51  Cylindrical  Center  Section,  Foivard  Swept 
Pylon  (RMLSSGO.-) 

•  n  £s/d  -  9.51  Isolated  Nacelle  (IWL5200'') 

®=  Proposed  150  Oal  BW  Store  •  North  Asierlcan  Aviation 
pwg.  No.  25.2I-90OCOI 


NOTES;  . 

(1)  is  baaed  on  (Volume 

(2)  All  data  at  lift  coefficient,  ^  . 

Figure  5*1.2  Incremental  Drag  Coefficient  Versus 

Flight  Mach  Humber  for  Various  Extemil 
Store  Configurations  at  Zero  lift  Coefficient 
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1.0 


,5  .6  .7  .3 

Flight  Mach  Hunter,  Mf,  dlmenBlonless 


X,  m  ^8/d  -  6  '  NACA-65A  Series 
0  .  Zt/d  -  3  I  Bodies  of  BevoIutl.OA>  (BKL?0U2) 
tk  ~  Jis/d  -  W 

&  >•  Xs/d  a  Cvlindrical  Center  Sec.  ion,  Forward  Swept 


NOTES  i 

(1)  Is  baaed  on  (Volume)*'^ 

(2)  All  data  at  lift  coefficient,  Cp  a  0.3 


Figure  5.1.3  Iniremental  Dme  Coefficient  Vers'io  Fli^t 
Mach  Number  fpr  Varloua  External  Store 
Conflgurationo  at  lift  Coefficient  (Cj^)  of  0.3 
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where 


3  165 

v273  *  13.82 


=  11.91 


1  ^ 

The  resulting  drag  coefficient 

values  are  tabulated  below; 

j  in 

* 

Cl  -  0 

■  .3 

(  ] 

i  i  17 

Mach  Number 

COg 

■  i  1^ 

1  l  " 

•5 

.0035  -0417 

.0075 

.0893 

'  _  i  M 

.6 

.OOhO  .0*176 

.0075 

.0893 

:  '  '  1 

.92 

.0070  .0834 

.0080 

.i)953 

The  pylon  length-to-chorA  ratio,  ^p/c  =■  63. 5^  (approx.  75*  wept  forward). 

Reference  5.1. 3  alflo  gives  the  drag  coefficient  for  isolated  nacelles 
aa  determined  fixxn  unpublished  rocket  data.  The  values  of  Opg  were  based  on 
the  wing  area  of  the  model  or  I65  In^* 

Tne  values  of  C^g  Cjjy  are  tabulated  below  s 


Mach  Number 

% 

Opy 

0.50 

0.0025 

0.0296 

0.80 

0.0025 

0.0298 

0.92 

0.0030 

0.0357 

A  method  for  calculating  the  drag  coaffloleat  Opg  of  an  isolated  body 
of  revolution  Is  pjesented  by  Heaelet  and  Sl^berg.^*^*®  To  apply  tha  method 
it  is  neceesary  to  know  the  velocity  and  boundary  Isyer  thlokness  distribution 
of  the  air  flow  around  tha  body  of  revolution,  and  also  tha  Hach  number  of  the 
free  atreem  traneltion  point  from  iaalnar  to  turbulent  flow  and  the  Reynolds 
insnber  based  on  the  axial  length,  flpreeraann  and  Alford^ used  the  Keaslet 
and  Hltzberg  ^ method  to  calculate  the  isolated  store  drag  for  their  NACA  65A- 
series  bodies  of  revolution.  A  value  of  Cog  of  0.0035  oWained  for  a  store 
having  ;^s/d'  a  6  at  a  Mach  Ituaber  of  O.d. 


\  ]  i 
i  i  i 
\  ' 
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The  store  vhloh  is  considered  in  Reference  5.1. Is  220  inches  losgi 
25  indies  la  diameter  (  Zjt.  -  9.8)  with  a  volume  of  1*3 .36  ft^  and  a  plan 
area  of  3I.U  ft^. 

The  reported  values  of  the  drag  coaffielent  for  this  store  were  hssed 
on  the  plan  area  of  the  store.  These  values  were  converted  to  C]>^  for  pur¬ 
poses  of  comparison,  and  are  tabulated  below: 


Mach  Number 

Be  ported 

Drag  Coefficient 

% 

0.50 

O.02L5 

0.062 

0.80 

0.0245 

0.062 

0.9a 

0.0315 

0.060 
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5,2  Dlscuaslon  of  Aerodynamic  Data 

Figures  5.1.2  and  5^1-3  show  that  the  drag  coefficients  for  moat  store 
0  . 

installationo  inorease  suhatantially  at  high  aubaonie  >tecb  numbers.  Theap 
increases  aie  quite  j^renounced  in  the  Mach  number  range  (0.7  to  0.9)  of  prl” 
wary  interest  in  this  study.  The  Increase  in  drag  coefficient  of  the  MCA  65A- 
‘  series  stores  above  Mach  0.7  is  caused  primarily  by  interference  effecta. 

The  importance  of  the  interference  drag  contribution  ia  apparent  when  wa  ccli- 

pare  the  drag  coefficients  for  the  store  inatailatlona  with  that  of  the  lao- 

% 

lated  'nacelle. 

Parameters  which  affect  the  Interference  drag  are  atore  fineness  ratio, 
store  shape,  pylon .length,  thickness  and  sweep  angle,  and  the  position  of  the 
store  both  chordvise  and  spenwlse  on  the  wing.  Spreemann  and  Alford^*^*^ 
concluded  that  the  sweep  angle  la  a  vary  important  variable  and  that  It  is  * 
desirable  to  place  the  atore  either  extremely  far  forward  or  aft  on  the  wing 
chord.  The  benefits  of  forward  sweeping  of  the  pylon  are  Illustrated  in 
Figure  5*1*2  which  a.howa  a  reduction  in  Incremental  drag  at  Mf  ■  0.9  of  ap- 
prpxlaately  50^t  for  this  case. 

Figures  5*1*2  and  5.1*3  indicate 'that  there  Is  no  serious  depasture 
from  a  nominal  increawntal  drag  coefficle.nt  when  a  cylindrical  center  sec¬ 
tion  is  used  instead  of  a  smooth  HACA*(S5A  series  body  of  revolution.  A 
store  configuration  of  this  type  is  currently  used  for  standard  subsonic 
aircraft  stores.  The  cooidlnataa  of  this  shape  are  shown  in  Figure  5*2.1. 

5,2.1  U.  3.  Air  Reaearch~and  Development  Command.  AHDCM-00-1.  Handbook  of 
instructions  for  Aircraft  Designers.  Tenth  Edition,  193d* 


DECLASSIFIED  IN  FULL 

Authority;  E0 13526 

Chief,  Records  &  Declass  DIv,  WHS 


MAY  17  200 


TIm  final  choicu  of  a  store  shape  and  fineness  ratio  vlll 
detailed  linltation  cn  the  installation  such  as  oleoranee  and  center  of  grevltjr 
considerations.  However,  It  is  believed  that  the  data  reported  in  this  section 
will  serve  as  Important  guidelinea  in  the  later  desl^j  studies. 
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6,  iHVEsriGfcTiwsr  OF  pROPE?a;iEs  OF  sumaiEs  - ; 

6.1  ProTiertlaB  of  Sig  Slurries 

In  ox^er  to  provide  design  data  f‘or  liquid  agent  disaemiastion  eye- 
tens,  ve  have  initiated  work  to  experljsentally  determine  the  density^ 
viaooaity,  heat  capaelty  and  thermal  conductlvltj’  of  egg  slwries. 

In  this  reporting  period,  meaaurementa  of  density  and  viecoslty  have 
been  made.  Special  apparatus  will  be  required  for  tlie  thermal  property 
cneasurenenta . 

Pour  frozen  egg  Blurry  samplea  were  received  from  Fort  Betrlek  for 
this  work.  Theet  were  deei^ted'aa  W,£,S.  #1,  #3  and  They  were 

uninfected  whole-egg  alurrlea  which  had  been  purified,  to  different  deg> 
reea,  in  the  preparation  process. 

Since  aouie  of  the  ssmplea  wei’e  Hon-Nevtonian>  it  was  necessary  to 
collect  data  for  conaiste.ney  curves,  rather  than  make  conventional  vieeo* 
slty  neasurenenta .  These  data  were  collected  by  evaluating  the  aeaple  in 
a  modified* Stomwr  vleconeter,  which  is  equipped  with  a  closely  controlled. 
constant  temperature  bath.  The  least' viscous  sanpXe  (W.E.S.  #4)vas  evalu¬ 
ated  using  an  Oatwald  (orifice-type) viscometer.  v 

The  data  obtained  for  these  samples  are  sumartsed  below: 

I.  Sample  W.E.S.  ^1 ,  analyzed  in  the  Stomer  viscometer,  vae  found 
to  be  Newtonian  within- a  ;bear  rate  range  of  70.4  to  3^3 >5  em/sec-cm  at 
20*C.  The  absolute  viscosity  of  this  slturry  was  found  to  be  25.1  centl- 

polses.  density  of  this  slurry  is  1.0304  gn/ca?  at  20*  centigrade. 

-^Tiieee  aodlfications  are  described  by  E.  K.  FlBi.-:.^:r  in  "Colloidal  Slaperslone'' 
John  Vflley  and  Sons,  Inc.,  Kew  York,  1950.  Application  of  the  modified 
Stomer  Viaconeter  is  discussed  by  S.  P.  Jones  in  the  Journal  of  Colloid 
Science,  Vol.  7,  Ho.  3,  JUae  1952^  P-  272-283 • 
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2.  '"S^ple  tf.E.3.  #S,  also  analysed  in  the^Storaer  vtacoaetw,  was 
found  to  be  Non-Newtonian.  Tests  were  made  at  20'C  in  a  shear  rate'  ranp 
of  2l4  to  433  cm/seo-c*.  Following  arc  the  values  of  apparent,  viscwlty 
of  this  slurry,  at  the  stated  sheer  rates . 


The  density  of  this  slurry  was  1.0210  at  20'C.  The  curve  of  shear 

rate  versus  shear  stress  is  eoepared  with  that  for  sample  W.S.S.  #1  in 
Figure  6.1.1. 

3.  aample  W.E.S.  #3.  An  effort  was  made  to  deteralne  the  vlseoBlty 
of  this  slurry  on  both  the  Ostvald  and  Stonnsr  viscometers.  Meaningful 
mea*surenents  were  not  obtainable.  This  slurry  contained  solids  which 
clogged  the  Ostvald  vlsconvattr.  The  viscosity  was  also  found  to  be  too 
low  to  be  properly  handled  on  the  atonner  viscometer. 

The  density  of  this  aomple  was  found  to  be  I.OOO6  gn/ca^  at  20*C. 

4.  Sample  W.E.3.  was  analysed  with  the  Ostwald  viscometer.  It 
was  found  to  have  a  viscosity  of  1.12  centlpolses  and  a  density  of  1.0012 
ga/ca^.  This  sample  had  been  purified  by  a  Freon  pi’oeess  and  had  proper¬ 
ties  very  neari.y  equal  to  those  of  water. 
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,  6,2  Propartlas  of  Slurries  of  SK  lo  Iwrt  Fluoro<awttlc»l  Ii4iul4 

The  poasibllity  of  dlssaainatlag  noraaliy  dry  agants  by  auapaadHig 
them  in  an  inert  liquid  has  been  considered.  This  approach  coild  substan¬ 
tially  reduce  the  problem  of  feeding  the  agent  to  the  point  of  discharge  at 
a  uniform  rate. 

Of  the  several  technical  problems  involved  in  this  approach^  the  vel^t 
penalty  Incurred  by  adding  the  liquid  is  parhaps  the  most  apparent, 

A  series  of  experlBeiits  has  therefore  been  initiated  to  determine  the 
physical  characteristics  of  sucb  slurries,  as  a  function  of  the  concentration 
of  acllds. 

Slurries  of  SM  simulant  in  Minnecota  Mining  riuoMchomlcal  rC-75 
being  studied.  The  compatibility  of  this  liquid  with  Biolojjlcal  Agents  is 
currently  being  studied  at  Fort  Detrick,  Good  conpatibllity  is  indloated. 

Some  of  the  properties  of  PC- 75  »»  as  follows: 

Density  gja/cc:  1.77 

Specific  Heat  Cal/gm;  0.248  at  25*C 

e 

Bolling  Point :  951^  minimum  between 

99  and  107*C. 

Conoenteated  slurries  of  SM  in  PC-75  ere  non-Wewtonlan  and  have  a  high  appa¬ 
rent  viscosity.  Flgufs  6.2.1  shows  the  effect  of  shear  rate  on  the  apparent 
viscosity  of  the  slurries  with  20  and  25  percent  SM  by  weight.  These  data 
were  obtained  fron  teats  on  the  modified  Stonoer  Viscometer,  equipped  with 
a  temperature  control  bath. 

Note  that  the  apparent  viscosity  is  quite  sensitive  to  the  concentra¬ 
tion  of  SH.  .  For  example,  at  a  shear  rate  of  100  cm/sae-cm,  an  ineraaaa  in 


CHECLASSJFIEDINFULL 
Authority;  E0 13526 
Chief,  Records  &  Declass  DIv,  WHS 
Date: 


MAY  17  20Q 


concentration  frwo  20  percent  to. 25  percent  incroeaee  the  apparent  vlacoei'^ 
from  approximately  2.8  poises  to  11.5  poises  at  20*C. 

I 

A  much  more  detailed  series  of  meaeureoents  is  undeiv^  to  explore  the 
effects  of  varying  concentration  and  temperature. 
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T.  WOi«  ON  UQUID  AOENT  DiaSJatlKATORS 

During  this  reporting  period,  th*  Phase  I  study  on  an  alrlaome  line- 
source  dissemination  system  was  conspleted.  This  work  was  perfomed  by  Worth 
American  Aviation,  Inc.,  \inder  a  subcontract  frm  Ceceral  Mills,  Znc. 

The  technical  report  covering  this  work  was  subnltted  in  Hovember  1960. 
This  report  la  designated  as  North  American  Aviation  Report  No.  NA-60-1^03j 
dated  h  Uov.  I960,  and  ia  classified  SSCBET. 

At  the  end  of  the  Phase  I  study,  the  status  of  work  leading  to  the 
design  and  manufacture  of  a  research  prototype  external  store  for  disseaiina- 
tlon  of  liquid  BW  agente,  may  be  eunmarlzed  ae  follows: 

1.  An  extensive  study  has  been  made  of  the  capabilities  carry¬ 
ing  external  stores)  of  a  large  number  of  operational  aircraft, 
and  the  characteristics  of  aecsptabls  stores  have  been  established. 

2.  Studies  of  factors  influencing  optimum  flow  rate  have  been  made 
and  conclusions  drawn. 

m 

I 

3.  Several  technical  prchlams  including  temperature  control,  anti- 
icing  reqMirements  and  effects  of  the  Ipcal  flow  fields  havt  been 
studied  and  promising  approaches  to  the  solution  of  these  prob- 
iema  have  been  found. 

The  reader  is  referred  to  the  above  mentioned  technical  report  for 
the  details  of  this  Phase  I  study.  ^ 
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0.  swmww  AMD  CCWCUSIONS 

During  this  reporting  period  exparlaanta  were  nada  on  feeding  of  dry 
powders  by  screw  feeding  devices  and  piston-type  feeders  (Section  ?)• 

Tlie  experiments  with  screw  feeders  explored  the  delivery  chareoterlB- 
tlc3  of  two  helical  screw  configurations.  One  of  these  had  a  closed-center 
design  and  the  other  was  an  open  "ribbon-type.  These  experlwnts  pertained 
to  the  use  of  a  very  large  screw  which  oecupias  the  fxill  dlanster  and  length 
of  ati  external  store.  Both  coaflguratloas  were  found  to  have  reprodwibl* 
delivery  characteristics .  The  delivery  rate  of  these  devices  deersaaes  ea 
the  contained  material  Is  discharged,  so  that  a  prograsiaed  increase  in  rota¬ 
tional  speed  Is  required  for  constant  avenge  naas-flow  versus  tine. 

Investigations  of  the  effect  of  exposing  the  SM  alaulant  to  ataiospheree 
with  different  relative  humidities  were  made.  It  was  found  that  exposure  of 
the  SM  to  5^5  relative  humidity  increased  the  residual  material  in  the  screw, 
due  to  attractive  forces  which  were  attributed  to  electrostatic  changing. 

The  experiment  on  feeding  of  Sierra  Mlstron  No.  18  talc  wlth,m  piston 
device  indicates  that  the  compressive  stresses  ere  below  the  level  which  will 
appreciably  inezease  the  bulk  density  of  the  material. 

Several  studies  were  made  in  the  field  of  dlseeminatloo  and  deagglooexa- 
tion  (Section  3).  Generation  of  aerosols  by  erosion  was  explored.  Models 
foiTued  by  compacting  finely  divided  powder  were  expoaed  to  air  flow  at  velo¬ 
cities  near  sonic  speed.  It  was  found  that  aerosols  could  be  gsxiarated  by 
this  method,  at  significant  mass  flow  rates,  however,  fluctuations  in  the 
flow  rates  wars  round  and  it  appears  that  very  close  control  of  the  prepara¬ 
tion  of  the  powder  would  he  required  to  give  adequate  control  of  flow  rate. 
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i^xperinentQ  vltb  suBpenalons  of  pcwder  in  liquid  owrbon  dlosEidi  indica¬ 
ted  that  the  povder  ce>r.  b«  totally  aarosolited  if  tba  concantnat^on  la  kept 
bpiow  1  part  solids  in  4  parts  liquid-  Tl«  principal  factors  against  this 
approach  are  the  velglit  penalties  due  to  the  liquid  and  the  rsq[ulrad  pressure 
vesGcl. 

A  piston  type  powder  feeding  device  has  been  Installed  on  the  test  sec¬ 
tion  of  the  hi^-subsonic  b.lcv-down  wind  tunnel  and  inltieO.  expcrlmnts  have 
% 

been  made.  The  number  of  large  agglcnerates  in  the  generated  aerosol  was 
found  to  decrease  when  the  Mach  number  was  increased  from  to  C.8r  A  ouch 
more  detailed  Investigation  along  these  lines  is  planned. 

The  characteristics  of  finely  divided  dry  materials  hare  been  studied 
tlieoretlcally  and  experimentally  (Section  4).  The  theoretical  study  dealt 
with  static  load  transmlcston  in  particulate  packings,  force  transmission 
was  analysed  for  granular  packings  and  regular  packings  with  square  and  hexa¬ 
gonal  arrayu,  and  general  equations  veze  derived. 

I  Experiments  were  conducted  dealing  with  translation  of  particles  above 
a  moving  piston,  which  showed  tliat  vertical  motion  of  a  piston  In  a  bed  of 
relatively  Large  elastic  particles  causes  a  complex  pattern  of  horlsontal  and 
vertical  translation.  Studies  of  gravity  flow  of  such  particles  indicated 
that  the  velocity  of  flow  by  gravity  is  strongly  affected  by  local  conditions. 
Measurements  of  the  torque  required  to  rotate  a  helical  screw  surrounded  by 
powder  showed  that  this  test  sharply  distinguished  between  talc  and  poly  vinyl 
alcohol  pewder, 
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Studies  of  the  aerodynamic  charaoteriatlcs  of  external  pylen-neunted- 
atorea  vere  made  (Section  5)  ^dilch  sbowed  that  data  on  tfa>  incremental  drag  , 
coefficients  from  several  coviraes  agreed  quite  well,  when  reduced  to  a  com« 
mon  basis,  i.e.,  that  of  the  (voivana)^/^  of  the  external  store.  The  magnitude 
of  the  interference  drag  contribution  was  found  to  be  very  Important,  parti¬ 
cularly  at  the  highest  aubeonlc  speeds.  The  pylon  design  Is  an  important 
consideration  In  minimizing  this  interference  drag  contribution.  The  sources 
of  data  used  show  that  forward  or  rearward  swept  designs  are  best. 

The  properties  of  slurries  were  stxidled  experimentally  (Section  6). 

These  Included  measurements  of  the  viscosity  and  density  of  uninfected  egg 

» 

slurry  samples  and  also  an  initial  evaluation  of  the  variation  of  apparent 
viscosity  of  slurries  of  SM  In  an  inert  fluorocheaical  liquid.  The  expert- 
rents  on  egg  slurries  showed  that  the  sample  dasignated  as  V.E.S.  #U,  which 
had  been' purified  by  Freon,  had  properties  nearly  equal  to  those  of  water, 

^  while  the  other  samples  were  considerably  more  viscous.  The  measurements  on 
the  3K  slurries  showed  that  concentrations  of  20  to  2^  percent  solids  resul¬ 
ted  In  non-ttevtonian  behavior.  The  apparent  viscosity  is  strongly  dependent 
on  concentration. 

The  Phiase  I  studies  on  liquid  agent  dlssemiriatlon  (Section »?}  are 
cpvered  in  a  separate  report  issued  by  North  j\inerican  Aviation,  Inc.,  desig¬ 
nated  as  Report  No.  KA-60-l403. 
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APIENDIX  A 


'3  ' 

■li 


PROCEDURE  FOR  CALCULATION  OF  TIME  SCHEDUUSS 
FOB  WIETEY*  CEHTBIFUCB  PARTICUl  SIZE  ANALYSIS  TECHNIQUE 


The  time  durations  for  gravity  sedimentation  periods  and  centrifiifip 
operating  periods  in  this  size  analysis  method  are  calculated  by  the  equa¬ 
tions  given  below. 

J. .  Gravity  Sedimentation  Period 

The  gravity  settling  time  is  calculated  from  the  usvisl  form  form  of 
Stfjkes'  Law: 


(la  X  10®  h> 


(1) 


where  tg  a  tine  (seconds)  for  a  particle  to  settle  a  distance  h  under 
the  influence  of  gravity 
d  a  particle  diameter  (lalcrcns) 

h  •  settling  height  (centimeters)  (10  cm  for  all  tubes) 

■x  true  density  of  particles  (sn/cc). 

•^0-  density  of  sedimentation  liquid  (aa/co) 

■  absolute  vlsqoslty  of  sedimentation  liquid  (pt)ise) 
g  >  gravitational  conetant 


if  we  let  K  .  =  18  X  lO' 


,8 


X^->o)8 

then  Equation  (i)  becemes 


.  Kfi 


(a) 


(o) 


■*  Whitby,  K.  T.  ASHAE  Journal  Section,  Hestlog,  Piping  and  Air  Conditioning, 
January  1955  (pag*  231)  and  June  1955  (pa0BSl39-45) 
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2 .  CBnlr.lfuge  Operating  Period 

Centrifuge  settling  times  are  calculated  from  a  form  of  Stokes'  lav 
for  a  ceni.Tifugal  field,  which  is  derived  aa  followe; 

*  lx'  we  let  (r)  represent  the  radius  of  rotation  of  a  particle  of  jaase 
(ni)  rotating  about  an  axle  at  on  angular  velocity  (U> ),  at  equilibrium,  two 
forces  will  be  acting  on  the  particle,  a  centrlfUfpl  foroe  and  a  frictional 
force,  the  latter  determined  by  Stokes'  law.  Equating  these  forces  we 
obtain : 

3'n’TVo  4(||)  X  10®  -  aw^r 


The  effective  mass  of  a  spherical  particle  in  a  liquid  Is: 


therefore : 


dr 

dt 


■0  -  (^)  d^ 
i5  jt  loS'njj 


Integrating  between  the  starting  radius  (r^),  and  the  final  radius  (r^), 
we  obtain: 


where 


t^  -  t. 


16  X  icfiyip 


log. 


(>*) 


t^  R  the  centrifuge  time  required  to  centrifuge  a  particle  of  size  d 
from,  to  r2 . 

K  values  nay  also  be  defined  from  Equation  ^  for  predetermined  centri* 
luge  speeds.  If  represents  the  K  value  associated  with  a  glVbn  centrifuge 
speed  then: 


K  .  lex  io°>i. 


(5) 
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then  Equation  4  b«coine8:  ’ 

»  (f|)  ^°Bo* 

rg  In  Equation  6  is  constant  for  any  specific  centrifuge  apparatus, 
but  r  is  dependent  upon  the  radius  of  the  top  of  the  tube  and  distance 
which  the  particle  has  already  settled  uniier  the  influence  of  gravity; 
therefore: 

ri  »  r  +  10  (^)  •  (.7) 

i.  o  teg 

where : 

tg  a  time  for  last  gravity  particle  olse  dg  to  settle  10  cn  under 
gravity 

t.„  ■  time  for  first  centrifuge  particle  size  d,,  to  settle  10  cn  under 
gravity 

r^  ■  starting  radius  of  all  partiolss  in  the  fsedlng  layer  at  t  •  0 


Substituting  Equation  3  Into  Equation  7,  ve  obtain: 


(8) 


Since  is  a  function  of  the  last  gravity  size  suid  the  centrifuge  size 
utider  consideration.  It  Is  simple  to  calculate  the  centrifuge  portion  of  the 
run  fron;  a  tabulation  of  values  of  a  constant,  Q,  which  is  a  function  of  d^ 
atul  d^j  as  shown  bslow:  * 

From  Equation  6,  let  us  define  Q  ae: 

Q  -  (5^)  log,  (9) 
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Substituting  Bquatlon  6  into  Sq^mtlon  9  yielde: 


A  table  of  Q  values  may  be  computed  from  £<)uation  11  for  any  centri* 
fuge  syatera  having  constant,  and  values. 

Since  centrifuge  size  analysis  runs  are  of  short  duration,  the  start- 
lug'Stopptng  correction  makes  up  a  major  portion  of  the  running  time.  This 
iscessltatas  an  accurate  deteiminatlon  of  the  startlng^atopping  correction, 
nils  la  acccapllshed  by  means  of  a  stroboscope  to  obtain  accurata  angular 
velocity<tlme  measurement e  which  arc  plotted  as  angular  velocity  squared 
(cj^)  versus  time  (t).  The  eonection  is  obtained  by  integratiitg  the 
areas  of  the  starting- stopping  curves  to  obtain  the  not  correction  as  fol-i 
lows . 


Net  Correction  »  Area  A  ■»  Area  B 

f  (to  the  soma  Bcale  aa  t] 


where  A,  B  and  f  are  as  defined  in  the  sketch  below. 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD,  WHS 
lAW  E0 13526,  Section  3.5 


Date: 


MAY  17  2013 


DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1  55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1  2013 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


mjL^ — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD(U) 


April  26, 2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
other  changes  to  this  question  have  not  successful  nor  revealed  a  specific  source.  As  such  I 
would  appreciate  any  information  you  can  shed  on  this  question. 

Documents  requested. 

AD  348405,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare) Agents  Quarterly 
Progress  Report  Number  14, 4  Sept  -  4  Dec  1963,  G.  R.  Whitnah,  February  1964,  General  Mills 
Report  number  2512,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  1 8064  CML 
2745,162.pages.  Prepared  for  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Maryland. 
Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills.  Project  No  82408 
General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  I3>Iinnesota. 

AD  346751,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  12,  March  4  -  June  4,  1963,  G.  R.  Whitnah,  July  1963,  General  Mills 
Report  number  2411,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745.  184  pages.  Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills. 
Project  No.  82408.  General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  13 
Minnesota.  ’ 

AD  346750,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  13, 4  June  -  4  Sept  1962,  G.R.  Whitnah,  October  1963,  General  Mills 


'■  Number  DA  18064  CML 

SS^H V  “'  !S5“ief.'W 

DA  1 8064  CMLTOS  IS  pages  ’  ^N-  Contract  Number 

Number 

|S3yisr?i“ir,'js*rSr  o?as‘.» 

DriS0*4(mu45  MN.C™«  NujnW 

AD  329067,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  ;  X-AA  ?/  C7S 

General  Mdls  Inc  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745  103  pages 

and  Development  Office,  2003  East  Hennepm  Avenue,  Minneapolis  13,  Minnesota. 

^  327072,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /P-AA  lfS7 
Propss  Report  Number  Five,  4  June  -  4  Sept  1961.  by  G.R  Whitnah,  NoveSr  l^ToetS^^ 

CML  2745.  Minneapolis,  MN,  Contract  Number  DA  1 8064 


Mrs;«s  rss  I'jriTimSS" 

rjAn-j  Cor.4  u  •  A  Mills  Electronics  Group,  Research  Dent 

2003  East  Hennepin  Avenue,  Minneapolis  1 3,  Minnesota.  225  pages.  ^ 

AD  324746,  Dissemination  ofSolid  and  Liquid  BW  (Biological  Warfare)  Agents  Progress 

2125  General  Whitnah,  October  1960,  General  Mills  Report  N^ber  ^  ^ 

2125,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745.  78  pages 

f  (Biological  Warfare)  Agents,  Quarterly  )Z-AA-3)S^ 

oZra  M^p  Tm'  '^^0,  by  G.R.  Whitnah!  February  lOb!, 

da  18064  CML^2745  ^9  m’  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number 

ofpa^enL  ^003  Fat  H  division  of  General  Mills,  Inc.,  Research 

epartment,  2003  East  Hennepin  Avenue,  Minneapolis  13,  Minnesota. 


AD  323598,  Dissemination  of  Solid  and  Liquid  B  W  (Biological  Warfare)  Agents,  Quarterly  Sf 
Process  Report,  for  penod  4  Dec.  1960-4  March  1961,  by  G.R.  Whitnah,  May  1961,  General 

07??  Minneapolis,  MN,  Contract  Number  DA  18064 

LML  2745.  95  pages. 

(Biolosical  Warfare)  Agents,  Quarterly  a-M-ZISH 
Progress  Report  No.  10,  penod  Sept.  4, 1962  -  Dec.  4, 1962.  G.R.  Whitnah,  Project  Manager, 

Approved  by  S.P.  Jones,  Aerospace  Research,  February  1963.  247  pages. 


Sincerely 


